This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


Scu-    /5"ao.  SiO 


H  ARVAfTO     UN  (VARSITY    | 


SCIENCE  CENTER  LIBRARY 


HARVARD  COLLEGE 
LIBRARY 


TRANSFERRED  FROM  THE 

BUREAU  FOR  RESEARCH 

IN 
MUNICf  ' 


lOOf 


Digitized  by 


Goo 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PROCEEDINGS  38TH  YEAR 

JOURNAL 

OF  THE 

AMERICAN  WATER  WORKS 
ASSOCIATION 


VOLUME  V 
1918 


BALTIMORE,  MD. 

THE  WAVERLY  PRESS 

1918 


Digitized  by  VjOOQIC 


ScU-    IS^o.  ^ 


/o 


«A^^-.-)    -.ILr-UE   L,3.;A!.y 
'''''':■■'  '     <",•,,<  THE 

MUNICIPAL  GU/hi^t,^l£f4r 

1926 


Digitized  by  VjOOQIC 


TABLE  OF  CONTENTS 

Rbpobt  of  City  Planning  Committeb 1 

Lbad  Wool.    By  R.  J.  Thomas 10 

Lbakagb  from  Vitrified  Pipe  Used  to  Convey  Water  under  a  Low 

Head.    By  W.  W.  Brush '. . .  16 

The  Differentiation  of  Bacteria  of  the  Colon-Aerooenes  Family. 

By  William  Mansfield  Clark 26 

Disoussioii 32 

Lowering  Ground  Water  Levels.    By  Clarence  L.  Kirk 36 

Discussion 37 

Accounting  for  Interest  and  Taxes.    Informal  discussion 40 

Leaks  from  High-Pressure  Fire  Service  Mains.    By  Henry  B. 

Machen 44 

Water  Supply  Standards  and  Their  Improvement.    By  William  J. 

Orchard 49 

Discussion 69 

Chlorination  and  Chloramine.    By  Joseph  Race 63 

Society  Affairs 83 

The  Catskill  Water  Supply  System.    By  J.  Waldo  Smith 91 

The  Water  Works  at  Camp  Grant.    By  Charles  B.  Burdick 100 

Progress  Report  of  the  Committee  on  Sanitary  Drinking  Foun- 
tains   110 

Centrifugal  Pumps.    By  E.  C.  York 115 

Methods  of  DsTEiuaNiNG  and  Plotting  Meter  Capacities  and 

Some  Results.    By  Fred  B.  Nelson 120 

Water  Purification  Problems.    By  B.  M.  Mohler 132 

American  Water  Works  Laboratories.    By  Jack  J.  Hinman,  Jr 133 

Recovering  a  Pump  Lost  in  a  Deep  Well.    By  W.  A.  Judd 142 

Prices  and  Depreciation  of  Cast  Iron  Pipe.    By  Burt  B.  Hodgman  . .  145 

Discussion 155 

Some  Features  in  Artesian  Well  Construction  in  Mankato.    By 

H.  F.  Blomquist 163 

The  Problems  of  a  Small  Water  Works  Plant  from  the  Manager's 

Standpoint.    By  T.  C.  Gordon 165 

Advantages  of  a  Local  Section  of  the  American  Water  Works 

Association.    By  F.  W.  Cappelen 167 

Notes  on  the  Presumptive  Test  for  B.  Coli.    By  Max  Levine 168 

Labor  Saving  Machinery.    By  J.  A.  Jensen 172 

Mbtauum.    By  Homer  V.  Knouse 174 

New  Design  of  Screen  Chamber.    By  John  H.  Lance 181 

Removal  of  Iron,  Manganese  and  Carbon  Dioxide  from  Water....  185 

Society  Affairs 190 

lii 


Digitized  by  VjOOQIC 


iv  contents 

Comments .^ 193 

The  PRAcncABiuTT  of  Adopting  Standards  of  Quautt  fob  Wateb 

Supplies.    By  Robert  B.  Morse  and  Abel  Wolman 196 

Water  Supply  and  Sanitation  at  Government  Camps  and  Ship- 
yards.   By  Samuel  A.  Greeley .229 

Sanitary  Aspect  of  the  Water  Supplies  at  the  Army  Cantonments. 

By  lieut.-Col.  James  T.  B.  Bowles 232 

Loss  OF  Head  in  Corporation  Cocks  and  Sbryicb  Pipes.    By  Bernard 

J.  Bleistein 240 

President's  Address.    By  Major  Theodore  A.  Leisen 260 

History  of  tpe  Artesian  Water  Supply  at  Savannah,  Ga 252 

Water  Waste  Elimination,  Methods  and  Results  at  Oak  Park,  III. 

By  H.  P.  T.  Matte 263 

A  Preliminary  Analysis  of  the  Degree  and  Nature  of  Bacterial 

Removal  IN  Fittration  Plants.    By  Abel  Wolman 272 

Some  Aspects  of  Chemical  Treatment  at  St.  Louis  Water  Works. 

ByA.  V.Graf 279 

The  Double  48-inch  Manifold  at  Bissell's  Point,  St.  Louis.    By 

C.  M.  DaUy 288 

The  New  110-Million  Gallon  Pump  at  the  Chain  of  Rocks,  St. 

Louis.    By  L.  A.  Day 293 

Some  Phases  of  Work  in  the  Distribxttion  Section  of  the  Water 

Division,  St.  Louis.    By  W.  A.  Foley 299 

Report  of  Committee  on  War  Burdens  of  Water  Works  in  thb 

United  States 303 

Progress  Report  of  Committee  on  Mechanical  Analysis  of  Sand.  .    345 

Amendments  to  the  Constitution 355 

Society  Affairs 363 

Comments 395 

De-Hydratbd  Contracts.    By  Albert  P.  Greensfelder 404 

Lead  Pipe  Coupungs.    By  J.  A.  Jensen 407 

Office  Records  of  the  St.  Loins  Water  Division,   Distribution 

Section.    By  Thomas  E.  Flaherty 412 

Reinfobced  Concbbte  Pbessube  Pipe.    By  Coleman  Meriwether 419 

Significance  of  Black  Sands  in  Filtebs.    By  J.  E.  Welker  and  C.  C. 

Young 425 

Memobanda  of  Office  Recobds.  *  By  A.  W.  Cuddeback 429 

Wateb  Pollution  and  Fish  Life.    By  Victor  E.  Shelf ord 434 

Wateb  Tbeatment  at  Council  Gbove,  Kansas.  By  Louis  L.  Tribus. .  438 
Records  of  Installation  and  Maintenance  of  Water  Mains   and 

Appubtenances  of  the  Municipal  Distbibution  System  of 

the  City  of  New  Yobk.     By  William  Hauck 448 

The  Property  of  Certain  Watbbs  with  Reference  to  theib  Action 

ON  Metaus.    By  S.  W.  Parr 450 

Society  Affaibs 454 

Index 467 


Digitized  by  VjOOQIC 


\     «-^ 


VOL.  5     NO.  1  MARCH,  1918 

PROCEEDIjJGS  38TH_01AR 


JOURNAL 

OF  THE 

AMERICAN  WATER  WORKS 
ASSOCIATION 


PUBLISHED  QUARTERLY  BY  THE 

AMERICAN  WATER  WORKS  ASSOCIATION 

At  2419-21  GRBttNMouNT  Ave.,  Baltimore,  Md. 

SECRETARY'S  OFFICE,  47  STATE  ST.,  TROY,  N.  Y. 

Entered  as  second  olaas  matter  April  10,  1914,  at  the  Podt  Otfioe  at  Baltimore,  Md.,  under  the  act  ci  Aucost  24, 1912 
COPTRIOHT,    1918,    BT  THB  AmSRICAN   VVaTBR  WoRXB  ASSOCIATION 


Digitized  by 


Google 


R.    D.  WOOD  &  CO. 

PHILADELPHIA,  PA. 


MANUFACTURERS 


OF 


MATHEWS  FIRE  HYDRANTS 

Standard  and  High  Pressure 

CAST  IRON  PIPE 

Bell  and  Spigot — Plain  Ends — Flanged — High  Pressure 
Fittings  of  every  description 

VALVES 

Gate — Check — Foot — Indicator 

PUMPS 

Centrifugal  Pumps — Hydraulic  Pumps — Pumping 

Machinery 

GAS  WORKS  MATERIAL 


Digitized  by  VjOOQIC 


I 


JOURNAL 


OF  THE 


AMERICAN  WATER  WORKS 
ASSOCIATION 


Vol.  5 


MARCH,  1918 


No.  1 


CONTENTS 

Heport  of  City  Planning  Committee 1 

Lead  Wool.    By  R.  J.  Thomas 10 

Leakage  from  Vitrified  Pipe  Ufled  to  Convey  Water  Under 

a  Low  Head.    By  William  W.  Brush 15 

The  Differentiation  of  Bacteria  of  the  Colon-Aerogenes 

Family.    By  William  Mansfield  Clark 26 

Discussion 32 

Lowering  Ground  Water  Levels.    By  Clarence  L.  Kirk. .  36 

Accounting  for  Interest  and  Taxes 40 

Leaks  from  High  Pressure  Fire  Service  Main.    By  Henry 

B.  Machen 44 

Water  Supply  Standards  and  Their  Improvement.    By 

William  J.  Orchard 49 

Discussion 59 

Chlorination  and  Chloramine.    By  Joseph  Race 63 

Society  Affairs 83 

New  Members 84 

Obituary 84 

Roll  of  Honor ! 85 


Digitized  by  VjOOQIC 


^ 


Digitized  by 


Googj^^l 


JOURNAL 

OF  THE 

AMERICAN  Water  Works  Association 

The  Association  is  not  responsible,  as  a  body,  for  the  facts 

and  opinion^  advanced  in  any  of  the  papers  or  discumions 

published  in  its  proceedings. 

VOL.  5  MARCH,  1918  No.  1 


REPORT  OF  CITY  PLANNING   COMMITTEE^ 

In  its  report  for  this  year,  your  City  Planning  Committee  decided 
to  consider  only  two  of  the  items  suggested  for  study  in  the  report 
given  at  the  last  Annual  Convention.  These  two  suggestions 
related  to  the  collection  of  data  on  the  design  of  water-works  struc- 
tures, with  the  special  point  in  view  of  making  them  sightly  and 
pleasing,  and  incidental  to  this  point,  in  so  far  as  it  relates  to  lands 
around  pumping  stations,  reservoir  sites,  etc.,  their  use  for  park 
purposes  for  the  general  public. 

In  connection  with  these  studies  an  endeavor  was  made,  as  far 
as  possible,  to  ascertain  the  extra  cost  involved  in  arranging  the 
structures  to  conform  with  aesthetic  and  park  requirements. 

Following  out  this  idea  a  postcard  was  addressed  to  a  large  num- 
ber of  the  members  of  the  American  Water  Works  Association,  ask- 
ing them  to  submit  photographs  and  data  as  to  costs  along  the  lines 
suggested.  Many  such  were  received  and  the  Committee  desires 
to  express  its  appreciation  of  the  assistance  rendered  it  in  securing 
photographs  and  information  from  members  of  the  Association  and 
will  appreciate  further  contributions  along  the  same  lines. 

It  is  believed  that  the  kind  of  work  contemplated  for  the  City 
Planning  Committee  of  the  American  Water  Works  Association  is 

*  Read  before  the  Richmond  Committee,  May,  1917.  The  committee  sub- 
mitted a  large  number  of  views  relating  to  the  subject,  of  which  it  is  practi- 
cable to  reproduce  but  a  few. 
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such  that  a  committee  on  that  subject  should  be  continued  by  the 
Association. 

A  special  selection  from  among  the  photographs  and  slides  has 
been  made  to  illustrate  special  points  relating  to  this  subject. 

Figure  1  submitted  by  Nicholas  S.  Hill,  Jr.,  shows  an  elevated 
tank  in  a  residential  community.  The  cost  of  improving  the  outline 
added  $1200  to  the  cost  of  a  plain  tank.  The  proportionate  increase 
is  obviously  very  small  and  apparently  well  worth  the  extra  amount 
involved.  Almost  any  community  would  be  willing  to  spend  such 
an  amount  with  the  corresponding  benefit. 

Figure  2  submitted  by  Nicholas  S.  Hill,  Jr.,  shows  a  standpipe 
which  would  have  marred  the  landscape  of  a  residential  section 
but  which  was  enclosed  at  an  additional  cost  of  about  $15,000,  as 
shown  in  figure  3.  Residents  can  hardly  object  to  such  a  point  of 
interest  in  their  landscape. 

A  somewhat  more  elaborate  design  for  a  water  tower  is  shown  in 
figure  4,  submitted  by  James  W.  Armstrong,  at  the  Crompton  Hill 
Reservoir  of  the  St.  Louis  Water  Works.  This  tower  with  its  set- 
ting is  an  exceptional  example,  perhaps  a  little  ornate,  but  other- 
wise admirable. 

Another  example  of  special  architectural  treatment  of  water 
works  structures  is  shown  in  figure  5,  submitted  by  James  W.  Arm- 
strong, showing  the  Coagulating  House,  Chain  of  Rocks,  of  the 
St.  Louis  Water  Works.  The  frank  incorporation  of  the  tanks 
into  the  exterior  architectural  design  is  much  to  be  commended  and 
the  interesting  design  secured  demonstrates  the  general  architec- 
tural canon  that  the  essential  nature  of  the  structure  should  be 
displayed  and  not  concealed. 

That  care  in  building  design  and  landscaping  is  believed  advan- 
tageous both  by  public  utility  companies  as  well  as  municipal  com- 
missions, is  shown  by  the  statement  of  P.  Barnhard,  Manager  of 
the  Public  Utilities  Company  of  Mt.  Carmel,  111.,  concerning  the 
manager's  residence,  Bluff  Cottage,  shown  in  figure  6,  concerning 
which  he  says,  **It  pays  to  dress  up  and  beautify  the  surroundings. 
We  have  had  many  compliments  from  both  local  people  and 
visitors." 

Exceptional  views  of  the  possibilities  which  have  been  worked 
out  along  landscape  and  parking  lines  are  shown  in  figures  7  and  8, 
submitted  by  Mr.  Armstrong,  of  a  roadway  along  a  hill  side  in  the 
Chain  of  Rocks  Park  under  the  jurisdiction  of  the  St.  Louis  Water 
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Works,  and  of  the  grounds  around  the  settling  reservoirs  of  the 
Cincinnati  Water  Works  at  CaUfomia,  Ohio. 

That  such  parking  can  be  combined  with  water  protection  of 
reservoirs  even  when  they  are  extensively  patronized,  is  shown  in 
figure  9,  submitted  by  Mr.  Armstrong,  of  Porter  Cove,  Spot  Pond, 
at  Boston,  Mass. 

The  possibilities  of  successfully  fitting  architectural  structures 
into  the  landscape  is  demonstrated  in  figure  10,  also  submitted  by 
Mr.  Armstrong,  showing  how  the  boulder  face  walls  of  the  gate 
house  of  the  Fells  Reservoir  at  Stoneham,  of  the  Boston,  Mass., 
water  system  fits  into  the  adjacent  rocky  landscape. 

Another  example  is  illustrated  in  figure  11,  submitted  by  Nicholas 
S.  Hill,  Jr.  This  is  "a  simple  concrete,  reservoir  gate  house  with 
good  lines,  on  a  main  thoroughfare  in  a  high-class  residential  sec- 
tion." The  architectural  treatment  added  substantially  no  cost  to 
the  structure. 

That  even  such  a  usually  obnoxious  structure  as  a  chimney  can 
be  made  relatively  innocuous  is  shown  in  figure  12,  submitted  by 
Mr.  Hill,  illustrating  ''a  pumping  station  in  the  center  of  a  large 
city  near  the  entrance  of  a  park." 

Many  other  examples  might  have  been  cited,  those  selected  being 
believed  to  represent  typical  examples.  Additional  illustrations, 
particularly  where  the  special  costs  of  securing  improved  results  are 
obtainable,  will  be  greatly  appreciated  by  the  committee. 
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LEAD  WOOL* 
By  R.  J.  Thomas 

In  calling  attention  to  lead  wool  as  a  material  for  calking  joints 
in  cast  iron  pipes,  the  author  does  not  claim  to  bring  up  a  new  sub- 
ject; but  it  does  seem  at  this  time,  when  the  price  of  pig  lead  has 
risen  so  enormously  while  lead  wool  has  not  advanced  materially, 
that  it  is  a  favorable  opportunity  to  make  tests  to  ascertain  whether 
or  not  it  will  pay  to  use  lead  wool  to  the  exclusion  of  cast  lead. 

The  material  most  used  to  calk  joints  in  cast  iron  pipes  is  cast 
lead.  The  yam  or  oakum  is  loosely  poimded  into  the  bell  around 
the  spigot  and  then  about  2i  inches  of  cast  lead  are  poured  into  the 
joint.  The  lead  shrinks  when  cooling  and  there  is  no  contact  be- 
tween the  iron  pipe  and  the  upper  or  bell  side  of  the  lead,  so  that 
it  becomes  necessary  to  calk  the  lead  in  order  to  swell  it  sufficiently 
to  close  this  space  caused  by  shrinkage.  It  is  manifestly  impossible 
to  pound  this  lead  hard  enough  to  make  it  expand  for  more  than 
i  inch,  leaving  about  2  inches  of  lead  which  are  absolutely  useless 
in  so  far  as  strength  of  the  joint  is  concerned.  It  has  some  strength 
in  holding  back  the  yarn,  but  for  all  practical  purposes  it  would  be 
just  as  well  to  fill  the  joint  with  yam  and  then  run  in  J  inch  of  lead, 
only  that  this  would  not  give  enough  metal  to  expand  properly  and 
it  would  be  pushed  into  the  spigot  rather  than  expand. 

Every  superintendent  is  familiar  with  the  delays  of  the  melting 
pot;  the  danger  of  spiUing  hot  lead,  and  the  waste  which  comes 
from  handling  it.  The  author  has  seen  a  melting  pot  containing 
about  200  pounds  of  metal  from  which  at  least  25  pounds  of  dross 
had  been  taken,  so  that  10  per  cent  was  wasted  in  this  way.  He 
has  seen  trenches  held  up  because  it  was  too  cold  to  pour  the  joints 
or  because  rain  had  filled  the  bells  with  water.  So  without  intend- 
ing to  disparage  the  material  which  has  been  used  for  so  many 
generations  in  water  works  practice,  it  is  believed  that  there  are  so 
many  points  in  favor  of  lead  wool  that  it  may  pay  to  discuss  the 
subject  at  this  time. 

Assume  that  a  bell-and-spigot  joint  is  a  stuffing  box  and  the 

*  Read  at  the  Richmond  Convention,  May,  1917. 
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advantage  of  the  yam  is  the  flexibility  which  it  gives  to  the  Une. 
Now  in  using  lead  wool,  one  of  the  most  essential  features  is  the 
calking  of  the  yam  into  the  joint  as  tight  as  possible.  It  has  been 
said  that  joints  which  have  been  calked  with  a  pneumatic  hammer 
and  stood  a  hydrauUc  pressure  of  1800  pounds  showed,  when  the 
joint  was  cut  to  demonstrate  its  character,  the  yarn  bulged  up  like 
rubber,  proving  that  the  whole  line  must  have  been  imder  tension 
and  that  any  expansion  or  contraction  could  readily  have  been 
taken  up.  It  therefore  seems  obvious  that  the  great  advantage 
coming  from  the  use  of  lead  wool  is  due  to  the  fact  that  as  the 
strands  of  lead  wool  are  pounded  into  the  bell,  the  compression  on 
the  yam  is  constantly  increased  and  as  good  an  efifect  is  'produced 
as  by  using  a  rubber  packing  held  in  place  with  a  clamp. 

The  impression  exists  that  lead  wool  joints  are  too  expensive  to 
make  and  that  the  first  cost  is  prohibitive.  No  doubt  a  lead  wool 
joint  cannot  compete  with  a  cast  lead  joint  in  point  of  time  in  mak- 
ing. It  can,  however,  save  fully  25  per  cent  of  the  lead  used,  which 
at  the  present  time  is  quite  an  item,  but  it  does  require  more  yam 
and  certainly  requires  more  labor  to  make  it  satisfactorily  than  a 
cast  lead  joint.  But  consider  just  what  this  labor  is  of  which  more 
is  required.  For  instance,  a  gang  of  calkers  laying  36  inch  pipe 
can  lay  10  or  15  lengths  a  day.  With  a  cast  lead  joint  these  16 
joints  can  be  poured  in  an  hour,  and  with  a  pneumatic  hammer 
they  can  be  set  back  ^  inch,  with  two  calkers,  in  eight  hours.  This 
would  give  joints  without  the  yam  being  compressed  and  with  just 
half  an  inch  of  lead  holding  at  the  joint.  Some  of  these  joints 
at  150  pounds  pressure  would  leak  and  the  chances  are  that  three 
out  of  fifteen  joints  would  be  imperfectly  run,  and  would  have  to 
be  made  over. 

If  the  same  joints  were  made  with  lead  wool  it  is  mani'estly  true 
that  no  two'calkers  can  yam  and  calk  fifteen  36  inch  joints  in  one  day 
satisfactorily.  The  best  two  calkers  can  do  would  be  seven  joints 
in  one  day  of  ten  hours,  and  they  would  be  exceptional  workers, 
and  five  36  inch  joints  a  day  is  about  the  best  that  two  calkers  can 
do.  It  therefore  would  seem  on  first  observation  that  with  36  inch 
pipe  three  times  the  number  of  calkers  will  be  required  to  do  the 
work  with  lead  wool  as  with  cast  lead.  As  a  matter  of  fact  the 
lines  of  pipe  where  15  lengths  of  36  inch  pipe  can  be  placed  in  posi- 
tion in  a  day  are  very  unusual  and  it  is  very  rare  indeed  for  the 
average  calker  to  do  more  than  four  hours  of  useful  work  out  of  a 
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day  of  eight  or  ten  hours.  The  rest  of  the  time  he  is  waiting  for 
the  lead  to  melt  or  the  pipes  to  be  put  in  position  or  for  sundry  other 
causes.  It  is  obvious,  therefore,  that  while  theoretically  it  will  take 
three  times  as  long  to  make  the  lead  wool  joint,  practically  this  is 
not  the  case.  When  it  is  considered  that  the  lead  wool  joint  will 
be  capable  of  standing  a  hydraulic  pressure  even  as  high  as  3600 
pounds  to  a  square  inch,  that  the  yam  will  be  imder  compression, 
and  that  the  leakage  from  breaks  will  probably  be  eliminated,  there 
is  an  advantage  in  favor  of  the  lead  wool  joint  which  cannot  be  too 
strongly  insisted  upon. 

The  author  wishes  to  quote  here  from  the  report  of  Committee 
on  Cast  Iron  Pipe  Joints  (1915)  of  the  American  Gas  Institute, 
Mr.  Walton  Forstall,  author: 

The  joints  were  made  with  20-inch  special  bells  and  tested  in  a  testing 
machitie  of  500,000  pounds  capacity  at  the  University  of  Pennsylvania  and 
were  subjected  to  alternate  compression  and  tension.  The  tests  were  based 
on  the  fact  that  a  20-inch  cast  iron  main  underground  subjected  to  a  tempera- 
ture change  of  30°  would  be  stressed  125,000  pounds  and  would  be  subjected 
to  alternate  compression  and  tension  due  to  the  seasonable  changes.  In 
these  tests  the  joints  were  made  up  as  carefully  as  possible,  the  bells  being  of 
the  standard  A.  G.  I.  depth.  During  the  alternate  compression  and  tension 
stresses  placed  on  the  join;t,  air  pressure  of  from  2)  to  4  pounds  was  kept  on 
the  joint  and  they  were  tested  for  leaks  by  using  a  trough  made  of  putty 
ttround  the  joint  and  filling  the  trough  with  water.  This  was  a  more  positive 
method  of  testing  than  with  soap  suds. 

The  cement  joint,  which  was  made  in  the  usual  way  and  not  according  to 
the  committee's  specification,  as  this  work  was  undertaken  before  the  final 
specification  was  prepared,  failed  under  a  tension  strength  of  40,000  pounds, 
approximately  one-third  the  safe  load.  The  cast  iron  joint  made  with  the 
standard  method  with  yam  and  cast  lead  properly  calked  failed  after  six 
reversals  at  about  25,000  pounds.  Lead  wool  joints  with  1  inch,  1}  inches 
and  If  inches  of  lead  wool  calked  with  a  pneumatic  hammer  in  the  usual  way 
remained  tight  for  50  reversals  with  a  maximum  of  80,000  pounds  tension  and 
compression  with  a  movement  greater  than  would  be  experienced  by  the 
main  underground. 

The  combination  cement  and  lead  wool  joint  consisting  of  back  yarn,  a 
band  of  cement  which  was  allowed  to  set  and  then  lead  wool  calked  in  front 
proved  to  have  about  the  same  efficiency  as  the  lead  wool  and  yarn  alone. 

These  experiments  were  continued  with  cement,  cast  lead,  lead  wool,  and 
combination  lead  wool  and  cement  with  the  results  that  the  lead  wool  or 
combination  cement  and  lead  wool,  calked  with  a  pneumatic  hammer,  was 
shown  to  be  the  most  satisfactory  under  laboratory  conditions. 

It  would  seem  from  this  report  and  from  the  general  experience 
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of  the  gas  companies  using  lead  wool,  particularly  now  that  the 
price  of  lead  wool  is  more  nearly  approaching  that  of  pig  lead,  that 
this  is  a  good  opportunity  for  water  works  men  to  decide  whether 
this  material  shall  come  into  more  general  use.  The  author  has  cited 
its  use  on  36  inch  mains  to  show  just  wherein  the  great  diversity  of 
cost  is  most  apparent.  He  would  next  call  attention,  to  the  manner 
in  which  lead  wool  has  been  most  successfully  employed  by  the 
Detroit  City  Gas  Works.  Its  practice  is  to  calk  three  lengths  of 
164nch  pipe  together  before  lowering  them  into  the  trench.  This 
reduces  the  cost  of  bell  holes  two-thirds  and  enables  the  calkers  to 
work  ahead,  so  that  the  pipes  are  ready  before  the  trench  is  dug. 
It  is  said  that  this  was  so  successfully  done  in  Detroit  that  more 
than  six  weeks  of  time  was  saved  on  one  pipe  line.  On  6-inch  pipe, 
six  lengths  may  be  calked  together  and  the  pipe  rolled  into  the 
trench.  Generally  ropes  are  employed  to  lower  the  pipe,  but  the 
pipe  may  be  thrown  right  into  the  trench  without  fear  of  breaking 
the  joint.  It  is  then  caught  up  with  chain-falls  and  drawn  back  to 
fit  the  bell.  It  has  been  said  that  the  calkers  working  outside  of 
the  trench  do  nearly  three  times  the  amount  of  work  without  fatigue 
as  in  it,  that  men  seek  the  job  and  that  their  health  is  so  vastly 
improved  that  the  old  distaste  for  calking  disappears  and  the  calker 
seeks  the  job  rather  than  having  to  be  coerced  into  doing  the  work. 

The  Water  Department  of  Springfield,  Masis.,  laid  several  years 
ago  a  line  of  42-inch  pipe,  using  lead  wool  for  the  joints.  Three 
hundred  joints  were  made  in  all.  This  pipe,  although  canying  150 
pounds  pressure,  has  proved  absolutely  tight.  The  Metropolitan 
Water  Department  of  Massachusetts  has  also  laid  a  line  of  42-inch 
pipe,  using  lead  wool  exclusively  on  the  joints. 

Lead  wool  has  been  before  the  public  for  more  than  ten  years 
and  the  price  maintained  on  it  has  been  due  to  some  patents  which 
are  now  expiring,  so  that  its  high  price  compared  with  pig  lead  will 
no  longer  be  so  conspicuous.  It  therefore  seems  to  the  author  that 
superintendents,  engineers  and  contractors  should  decide  for  them- 
selves whether  or  not  the  lead  wool  joint  has  sufficient  merit  to 
warrant  putting  in  the  extra  time  which  is  required  to  make  it,  and, 
perhaps,  at  some  greater  investment  on  the  first  cost. 

The  author  would  quote  from  a  paper  by  Mr.  Walter  Hole,  pre- 
sented at  San  Francisco,  September,  1915. 

Reasons  of  greater  strength  of  lead-wool  joints.  The  greater  strength  of 
the  lead  wool  joint  is  due  to  two  factors.    First,  the  greater  compactness  of 
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the  yam  backing  of  the  joint.  In  making  a  lead-wool  joint  the  yarn  is  driven 
back  by  each  successive  ring  of  lead  wool  until  it  becomes  quite  compact  and 
hard.  In  the  run-lead  joint  it  is  more  loose  and  soft.  In  one  case  the  yam 
alone  will  withstand  a  pressure  of  100  pounds  per  square  inch,  while  in  the 
other  it  will  not  withstand  half  as  much.  In  the  second  place,  although  the 
run-lead  ring  may  be  denser  in  itself  than  the  lead  wool,  it  does  not  fill  the 
socket  so  closely  throughout  its  depth.  The  run-lead  is  poured  into  the  socket 
recess  very  hot.  On  cooling,  it  contracts  and  shrinks  away  from  the  interior 
surface  of  the  socket.  No  amount  of  calking  will  restore  the  ring  throughout 
its  full  depth  to  gas-tight  contact  with  the  two  iron  surfaces.  Under  a  micro- 
scope the  effect  of  calking  could  be  seen  to  extend  to  only  |  inch  from  the 
face  of  the  joint.  Compare  with  this  the  case  of  a  lead-wool  packing,  inserted 
and  calked  up  strand  by  strand  in  closest  possible  contact  from  back  to  front 
and  around  the  whole  circumference  of  the  joint,  and  it  is  bound  to  be  the 
more  gas-tight  and  stronger  of  the  two. 

Crystallization  of  lead  ring.  Several  interesting  points  in  connection  with 
a  run-lead  joint  are  brought  out  in  the  cut  [not  reproduced].  The  section 
taken  was  from  one  of  the  joints  tested  for  specific  gravity,  and  pickled  in 
nitric  acid  to  throw  up  the  crystals.  The  section  is  exactly  2  inches  long  and 
the  vertical  lines  divide  the  joint  into  four  equal  portions.  In  the  portion 
at  the  back  of  the  joint  and  up  to  the  halfway  line  the  crystals  are  quite 
normal.  Then  for  f  inch  there  is  an  area  of  disturbed  crystals  due  possibly 
to  the  presence  of  vapors  and  to  interrupted  crystallization.  For  f  inch 
from  the  face  of  the  joint  the  effect  of  calking  is  more  or  less  clearly  marked. 
The  cooling  line  running  horizontally  through  the  center  of  the  lead  ring  is 
very  noticeable  for  1  inch  from  the  back,  but  becomes  much  less  distinct 
towards  the  face,  disappearing  altogether  as  the  face  of  the  ring  is  reached. 
As  previously  suggested,  shrinkage  towards  the  center,  which  produces  such 
a  line,  is  one  of  the  reasons  for  the  essential  inferiority  of  the  mn  lead  ring. 

The  author  will  not  take  up  time  with  considering  this  material 
for  remaking  cast  lead  joints,  or  stopping  leaks,  and  many  other 
things  for  which  it  is  well  adapted.  In  New  England  a  water  works 
superintendent  would  not  feel  at  ease  if  he  did  not  have  a  stock  of 
lead  wool  for  repairing  leaky  joints  and  making  new  joints  in  espe- 
cially bad  places.  But  from  what  he  has  read  and  from  observa- 
tion, the  author  believes  lead  wool  has  a  broader  field  of  usefulness 
and  that  it  will  bear  deep  study. 
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LEAKAGE   FROM   VITRIFIED   PIPE   USED   TO   CONVEY 
WATER  UNDER  A  LOW  HEAD^ 

By  William  W.  Brush 

It  is  frequently  of  greater  value  to  the  water  works  profession  to 
record  the  troubles  that  have  been  experienced  than  to  describe 
work  which  has  satisfactorily  met  all  requirements.  The  Bureau 
of  Water  Supply  of  the  Department  of  Water  Supply,  Gas  and 
Electricity  of  the  City  of  New  York,  has  had  to  repair  numerous 
leaky  joints  on  a  vitrified  pipe  line  that  was  constructed  to  deUver 
water  under  a  maximum  head  of  not  over  5  pounds  per  square  inch. 
The  following  description  of  this  pipe  line,  the  leaks  repaired,  the 
tests  made  of  joint  material,  and  the  conclusions  reached,  may  be 
helpful  to  those  who  have  a  similar  problem  in  the  future. 

General.  The  Borough  of  Richmond  had  an  inadequate  and 
unsatisfactory  water  supply  prior  to  the  introduction  of  the  Cat- 
skill  water,  which  was  made  effective  in  January,  1917.  The  aver- 
age daily  consumption  in  the  Borough  is  12,000,000  gallons.  To 
meet  the  growth  in  consumption  and  to  lower  the  overdraft  at 
existing  stations,  an  additional  supply  of  some  6,000,000  gallons 
was  planned  as  far  back  as  1910.  A  driven  well  system  was  to  be 
established  along  what  is  known  as  Southfield  Boulevard,  a  broad 
public  highway  running  along  the  southeasterly  side  of  Staten 
Island.  The  carrying  out  of  this  plan  was  delayed  by  various 
causes,  and  the  new  development  was  not  completed  sufficiently  to 
be  utilized  until  the  spring  of  1915.  The  plant  is  briefly  described 
as  follows: 

The  central  station,  known  as  the  Grant  City  station,  has  three 
steam-driven  pumps,  with  a  capacity  of  12,000,000  gallons,  and  two 
electric  generators.  The  supply  is  derived  from  five  groups  of  wells, 
one  located  at  the  central  station,  with  two  to  the  northeast  and 
two  to  the  southwest  thereof.  Electrically  driven  centrifugal  pumps 
draw  the  water  from  the  wells  and  deliver  it  into  collecting  lines, 
through  which  it  flows  to  a  pump  well  at  Grant  City  station.  The 
four  auxiliary  stations  are  operated  by  power  furnished  by  the 

» Head  before  the  Richmond  Convention,  May  10,  1917. 
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central  station,  the  jdeld  of  the  individual  stations  varying  between 
750,000  and  3,000,000  gallons  daily.  For  the  two  southwesterly 
stations,  a  cast  iron  distribution  main  has  for  the  time  being  been 
used  as  a  collecting  main.  The  two  northeastefrly  stations  deUver 
their  supply  through  an  18-inch  vitrified  pipe  line  7460  feet  in  length. 
This  pipe  line,  where  it  joins  the  cast  iron  line  from  the  southwesterly 
stations,  enlarges  to  a  24-inch  vitrified  Une  657  feet  long,  which 
extends  to  the  central  pump  well.  Here  the  water  is  drawn  by  the 
steam  pumps  and  delivered  into  the  distribution  mains  imder  a 
pressure  of  about  110  pounds  per  square  inch. 

The  department  proposed  to  construct  the  entire  collecting  line 
of  cast  iron  pipe,  but  owing  to  the  short  period  that  would  probably 
elapse  between  the  completion  of  the  development  and  the  intro- 
duction of  the  Catskill  water,  it  was  necessary  to  reduce  the  con- 
struction cost  to  a  minimum.  The  utilization  of  an  existing  dis- 
tribution main,  which  was  not  inmiediately  required  to  deliver 
water,  satisfactorily  solved  the  problem  of  a  collecting  line  for  the 
southwesterly  section.  The  substitution  of  18-inch  vitrified  pipe 
for  16-inch  cast  iron  pipe  for  the  northeasterly  section  reduced  the 
estimated  cost  from  $27,000  to  $20,000.  At  the  time  the  substitu- 
tion of  vitrified  pipe  for  cast  iron  pipe  was  recommended,  I.  M.  de 
Varona,  then  chief  engineer  of  the  Bureau,  noted  that  a  risk  of 
excessive  leakage  was  taken,  but  based  upon  previous  experiments, 
it  was  concluded  that  the  joints  could  be  made  sufficiently  water- 
tight to  permit  the  pipe  line  to  serve  its  piupose  satisfactorily. 
There  was  no  fear  of  the  pipe  itself  being  of  insufficient  strength  to 
withstand  the  pressure,  which  was  estimated  at  a  maximum,  under 
working  conditions,  of  about  5  pounds  per  square  inch. 

Vitrified  pipe  line.  The  18-inch  pipe  was  to  be  the  usual  sewer 
pipe  l\  inches  thick,  with  the  depth  of  hub  3  inches,  with  a  maxi- 
mum variation  from  these  dimensions  of  2.5  per  cent.  The  inside 
diameter  of  the  hub  was  to  exceed  the  outside  diameter  of  the  spigot 
by  not  less  than  1  inch  nor  more  than  1^  inches.  The  inside  of  the 
hub  and  the  outside  of  the  spigot  were  to  be  corrugated.  The 
specification  for  forming  the  joints  is  as  follows: 

After  each  length  of  vitrified  pipe  has  been  laid  and  brought  to  true  line 
and  grade  and  the  spigot  fully  entered  into  the  hub,  a  gasket  of  packing  yarn, 
dipped  and  saturated  in  cement  grout,  which  shall  have  been  mixed  not  more 
than  thirty  minutes  previously,  shall  be  firmly  ranmied  into  the  joint  with  a 
hardwood  calking  tool 
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The  joint  material  shall  be  a  compound  which  shall  not  deteriorate  when 
submerged  in  fresh  or  salt  water  or  in  solutions  slightly  alkaline  or  acid. 
It  shall  melt  and  run  freely  at  temperatures  not  greater  than  250*F.  It 
shall  adhere  well  to  the  glazed  surface  of  earthenware  pipes 

The  hubs  and  spigots  shall  be  thoroughly  cleaned  before  the  joint  is  poured 
and  as  dry  as  reasonably  possible.  The  compound  shall  be  heated  in  a  kettle 
to  a  temperature  of  about  400^.    It  shall  be  frequently  stirred.    Material 

which  has  once  cooled  shall  not  be  reheated The  compoimd  shall 

be  poured  in  a  full  stream  so  as  to  fill  the  entire  space  before  it  becomes  cool. 
The  gate  shall  be  slightly  to  one  side  of  the  crown  of  the  pipe,  and  the  com- 
pound poured  so  that  it  will  run  in  one  direction  only  around  the  joint. 
....  The  depth  of  the  joint  shall  be  about  2  inches  and  shall  not  be  less 
than  1}  inches 

The  pipe  was  to  be  laid  to  grade  on  the  bottom  of  the  trench, 
except  where  the  earth  would  not  properly  support  it,  when  either 
timber  or  concrete  supports  were  to  be  furnished.  The  pipe  was 
laid,  as  far  as  possible,  with  a  minimum  cover  of  3  feet. 

This  contract  was  awarded  to  Joseph  Johnson's  Sons  at  an  esti- 
mated cost  of  $19,209.37,  which  also  included  the  furnishing,  deUver- 
ing  and  laying  of  some  1200  feet  of  cast  iron  pipe,  mainly  20  and 
12  inches  in  diameter,  the  construction  of  the  pump  well,  and  other 
miscellaneous  work,  as  well  as  the  vitrified  pipe.  The  price  sub- 
mitted for  furnishing,  deUvering  and  lajdng  the  IB-inch  vitrified 
pipe  was  S0.90  per  lineal  foot;  for  24-inch  vitrified  pipe,  $1.25  per 
lineal  foot;  and  for  earth  excavation  and  backfilling,  $0.50  per  cubic 
yard.  These  were  considered  fair  prices  for  this  portion  of  the  work. 
The  contractor  was  ordered  to  begin  work  on  September  28,  1914, 
and  was  allowed  seventy-five  working  days  for  completion.  The 
need  of  the  additional  supply  was  urgent,  and  the  work  was  prose- 
cuted from  early  in  October  until  January  16,  the  pipe  laid  each 
month  being  as  follows:  October,  1540  feet;  November,  3016  feet; 
December,  2985  feet;  January,  500  feet. 

The  cold  weather  interfered  with  the  work,  as  did  also  the  water 
in  the  trench,  due  to  the  ground  water  level  being  above  the  pipe 
invert  at  some  places.  The  contractor  selected  for  the  joint  com- 
pound an  asphaltic  mixture  known  as  Filtite  A,  which  was  the 
material  previously  used  in  tests  made  by  the  Bureau  and  which 
had  been  successfully  used  in  sewer  work  in  Brooklyn.  The  labora- 
tory report  on  a  sample  of  the  compound  was  as  follows: 

Examination  shows  this  material  to  be  a  compoimd  of  asphaltic  base  with 
petroleum  residue  containing  about  50  per  cent  of  mineral  matter. 
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It  is  apparently  unaffected  after  forty-eight  hours  immersion  in  fresh  and 
salt  water,  and  in  weak  acid  and  alkaline  solutions.  Previous  experiments 
upon  similar  materials  indicate  that  it  will  not  be  materially  affected. 

At  205®F.  it  is  a  viscous  liquid,  flowing  somewhat  slowly,  like  cylinder  oil. 

After  two  hours  exposed  to  a  temperature  of  220^F.  it  loses  only  0.1 1  per 
cent  in  weight. 

After  the  contract  was  completed  the  following  analyses  were 
made: 

The  following  are  the  results  of  analyses  of  three  samples  of  pipe  joint 
compound,  received  at  the  laboratory  April  20,  1915.  The  samples  were 
marked  as  follows: 

No.  7S.  Filtite  A.  Sample  of  pipe  joint  compound  used  on  contract  1356; 
sent  by  order  of  the  Chief  Engineer. 

No,  74.    Jointite  material  used  at  Grant  City,  S.  I. 

No.  76.  Jointite  material  furnished  by  the  Pacific  Flush  Tank  Company, 
for  test  at  North  Portland  Avenue  Yard,  Brooklyn. 

No.  72.  For  comparison)  Filtite,  made  by  Pacific  Flush  Tank  Company, 
taken  from  barrel  on  work  at  Grant  City  P.  S.,  October  8,  1914,  on  Contract 
1356. 


MUIIBBB 
73 


KTTlfBBB 

74 


XrUMBlB 

75 


NXnCBBB 

72 


Analysis  of  compound : 
Clay  (ash  by  ignition) 
Bitumen 

Analysis  of  bitumen: 

Petrolene 

Asphaltene 

Fixed  carbon 


per  cent 

62.07 
37.93 

70.50 

29.50 

8.67 


per  ctffU 

61.27 
38.73 

70.33 

29.67 

7.75 


per  cent 

54.42 
45.58 

69.02 
30.98 
11.61 


per  cent 

49.73 
50.27 


The  analyses  show  that  the  compound  is  not  entirely  uniform;  the  bitumen 
in  sample  No.  75  is  somewhat  harder  than  the  others,  as  shown  by  the  fixed 
carbon.  There  does  not  seem  to  be  sufficient  difference  between  the  samples 
to  account  for  the  failure  of  the  work. 

The  engineer  in  charge  of  the  field  work  reported  that  the  joints 
were  made  in  accordance  with  the  specifications;  that  the  joints 
were  carefully  cleaned  after  the  cement  satm*ated  yam  was  rammed 
into  place;  that  the  contractors  objected  to  the  use  of  this  yarn,  as 
it  caused  trouble  and  delay;  that  the  contractors  were  experienced 
in  the  use  of  the  joint  compound;  and  that  the  work  was  carefully 
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performed  in  accordance  with  the  specifications.  The  engineer 
further  reported  that  his  examination  showed  that  in  spite  of  the 
careful  cleaning  of  the  joints  there  was  evidence  that  the  cement 
adhered  to  the  compound  and  interfered  with  the  adhesion  of  the 
asphaltic  joint  material  to  the  surface  of  the  pipe. 

Leakage  at  joints.  When  the  laying  of  the  pipe  had  been  com- 
pleted the  infiltration  of  ground  water  was  noticed.  The  flow  was 
gauged  at  the  central  pump  well  in  the  latter  part  of  February  and 
early  in  March,  and  found  to  average  during  a  three-day  test  43,470 
gallons  per  twenty-four  hours.  This  was  equivalent  to  163  gallons 
per  joint  per  twenty-four  hours.  The  seepage  clearly  indicated  that 
leaks  would  be  found. 

On  April  7,  this  Une  was  placed  under  test,  the  head  being  about 
the  working  head,  and  at  22  points  in  a  distance  of  1261  feet,  water 
showed  on  the  surface.  Here  the  boulevard  is  on  a  fill  over  a  swamp 
and  the  foundation  for  the  pipe  is  consequently  somewhat  imstable. 
When  the  leaky  joints  were  examined  the  conditions  disclosed  might 
be  described  under  these  three  heads: 

First.  Where  a  separation  existed  between  the  joint  compound 
and  the  barrel  of  the  pipe  or  between  the  joint  compound  and  the 
hub.  This  separation  varied  from  the  merest  hair-line  opening  to  an 
amount  which  would  admit  the  passage  of  a  knife  blade. 

Second.  Where  the  joint  compoimd  had  started  to  blow  out, 
in  general  more  at  the  bottom  of  the  pipe  than  at  the  top,  varying 
from  the  merest  indication  of  starting  to  cases  where  pieces  of  the 
compound  were  ready  to  fall  out. 

Thir4.  Where  the  joint  at  the  bottom  was  entirely  blown  out. 
In  some  cases  the  pieces  of  joint  material  were  thrown  out  by  the 
laborers  in  excavating. 

On  April  14,  the  contractor  had  re-run  the  leaking  joints  and  on 
April  15,  the  pipe  was  again  subjected  to  test  by  operating  both 
pumps  in  the  most  easterly  station.  Fifteen  leaks  developed  on  this 
test.  After  a  discussion  as  to  the  responsibiUty  of  the  contractor 
to  repair  all  leaks,  under  a  clause  which  required  a  year's  guarantee 
of  all  the  work,  he  made  the  repairs,  beginning  June  4,  finding  68 
joints  to  be  replaced. 

Leaks  have  continued  on  this  line  since  then  up  to  the  shutting 
down  of  the  plant  in  February,  the  record  being  as  follows: 
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January 

February. . , 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


1015 


11 
4 
4 

3 

8 


1916 


19 
26 
36 
10 

11 

* 

19 
36 
66 
29 
6 
24 


1917 


*  End  of  maintenance  period  by  contractor. 

The  contractor  made  all  his  repairs  by  removing  the  joint  mate- 
rial and  re-running  the  joint.  The  department  men  tried  various 
schemes,  the  one  mainly  used  being  to  drive  the  joint  material  into 
the  hub,  calk  in  lead  wool,  and  then  place  a  concrete  block  around 
the  joint,  as  shown  in  figure  1.  The  repaired  joints,  in  general, 
did  not  leak  again.  Practically  no  trouble  was  occasioned  by  split 
pipe,  only  one  or  two  being  foimd  in  the  whole  line. 


ffm/nmum 


r 

I 

I 


mtrtt 


^.  •    sand       I 
t  •  fiMerpariti 


JOINT  AS  OMUNAUr  MADE 


JOIMT  AS  REPAIRED 


Fia.  1.    Types  of  Joints 

Experimenial  tests  of  joints.  In  1912  the  Bureau  had  tested  12- 
inch  vitrified  sewer  pipe,  using  the  G.  K.  compound  and  Jointite, 
the  latter  being  the  predecessor  to  Filtite,  and  practically  the  same 
material.  This  test  showed  the  joint  would  staiid  29  pounds  per 
square  inch.  At  the  same  time  joints  made  of  plain  yam,  with 
yam  soaked  in  cement  grout  and  with  lead  wool,  gave  very  unsatis- 
factory results.  At  an  earlier  date  cement  joints  poured  also  leaked 
freely. 
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After  the  leaks  were  discovered  two  tests  were  made,  one  in 
the  field  at  Grant  City,  and  one  at  the  Portland  Avenue  yard  in 
Brooklyn. 

The  Grant  City  test,  which  is  illustrated  by  the  photograph, 
was  as  follows:  On  May  19,  1915,  work  was  started,  the  three  pipe 
joints  being  calked  with  grout  soaked  yarn,  after  which  the  joint 
space  was  thoroughly  cleaned  and  dried.  The  joints  were  then  run 
with  the  joint  compound.     On  May  22,  the  joint  runners  were 


K 

Fig.  2.    Close  of  Test  at  Grant  City  Pumping  Station 

removed  from  joints  at  9  a.m.;  the  joints  were  carefully  examined 
and  found  to  be  good. 

At  10.30  a.m.  the  men  started  filling  the  test  pipes  with  water, 
with  the  air  valve  open,  under  a  head  draft.  The  pipes  were  full 
at  11.05  a.m.  and  air  valve  was  closed  12.05  p.m. 

feet 

12.40  p.m.    No  leakage,  head  increased  to 8 

1.10  p.m.    No  leakage,  head  increased  to 9 

1.47  p.m.    No  leakage,  head  increased  to 10 

2.20  p.m.    No  leakage,  head  increased  to 11 

2.65  p.m.    No  leakage,  head  increased  to 12 

3.15  p.m.  No  leakage,  test  suspended  due  to   rain,  and  air  valve 
opened. 


Digitized  by  VjOOQIC 


22 


WILLIAM    W.   BRUSH 


The  pressure  of  12  feet  was  again  put  on  May  26,  and  continued 
without  leakage  until  May  27,  when  both  joints  were  leaking.  The 
leakage  reduced  from  a  maximum  rate  for  each  joint  of  about  24 
gallons  per  twenty-four  hours  to  about  10  gallons  for  one  joint  and 
2  gallons  for  the  other,  the  test  continuing  until  June  14,  when  the 
pressure  was  slowly  raised  to  35  pounds,  and  held  there  for  thirty- 
five  minutes  with  a  leakage  from  one  joint  of  232  gallons  per  twenty- 
four  hours.  The  pressure  was  then  raised  to  40  pounds,  when  a 
pipe  split. 

Two  test  lines,  each  consisting  of  three  lengths  of  18-ineh  standard 
deep  and  wide  socket  vitrified  pipes  with  bulkheads  at  the  ends, 
were  set  up  at  the  North  Portland  Avenue  Yard.  The  arrange- 
ments of  those  test  lines  is  shown  in  figure  3. 

The  joints  of  one  of  the  test  lines  were  poured  with  material 


^^^-4"^0O</en/<^ 


Fig.  3.    North  Portland  Avenue  Yard  Test 


received  from  Joseph  Johnson's  Sons  and  the  joints  of  the  other 
line  were  poured  with  similar  material  furnished  by  the  Pacific 
Flush  Tank  Company. 

The  joints  were  made  in  accordance  with  the  specifications,  a 
jute  gasket  dipped  in  cement  grout  being  used  at  the  back  of  the 
joint.  The  material  received  from  the  Pacific  Flush  Tank  Com- 
pany was  fii*st  poured.  Before  pouring,  the  cement  remaining  on 
the  surface  of  the  southerly  of  the  two  joints  in  this  line  was  brushed 
off  the  pipe  so  as  to  leave  the  pipe  clean.  The  cement  was  allowed 
to  remain  on  the  surface  of  the  pipe  and  spigot  of  the  north  joint. 
It  was  attempted,  as  specified  for  the  Southfield  Boulevard  contract, 
to  pour  the  material  through  a  gate  located  a  Httle  to  one  side  of 
the  top  of  the  pipe,  allowing  the  joint  material  to  flow  down  and 
around  the  pipe  and  up  on  the  other  side.  On  the  joints  where  the 
Pacific  Flush  Tank  (Company's  material  was  used,  this  was  not 
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accomplished;  the  material  flowing  both  ways  from  the  top  of  the 
pipe.  On  the  north  joint,  the  clay  gasket  used  to  confine  the  joint 
material  broke  through  several  times  during  pouring  and  time  neces- 
sarily elapsed  between  successive  pourings  while  the  clay  was  being 
repaired.  The  south  joint  was  provided  with  a  rubber  hose  gasket 
and  no  difficulty  from  breaking  out  of  the  material  was  encountered. 

On  the  line  in  which  the  contractor's  joint  material  was  used, 
hose  was  used  as  a  gasket  and  the  joints  were  poured^  as  specified, 
the  material  flowing  from  one  side  only. 

On  April  21,  these  joints  were  tested  under  water  pressure.  At 
9  o'clock  both  pipes  were  filled  to  the  top  with  water,  and  the  bulk- 
heads allowed  to  swell  so  as  to  become  tighter.  The  pipe  containing 
the  Flush  Tank  Company's  material  was  tested  first,  beginning  at 
about  9.40.  First  water  was  aflowed  to  flow  rapidly  into  the  pipe, 
the  outlet  being  wide  open.  Probably  a  small  amount  of  pressure 
was  developed,  although  none  showed  on  the  gauge.  The  north 
and  south  joints  showed  sUght  leakage  near  the  top,  but  leaks  in 
both  cases  appeared  to  be  due  to  shrinkage  of  the  materials. 

At  9.50  a  pressure  of  5  pounds  per  square  inch  was  appUed.  The 
leakage  increased  somewhat  and  a  small  new  leak  developed  in  the 
north  joint.  At  this  pressure  the  south  joint- leaked  at  the  rate  of 
about  110  gallons  per  twenty-four  hours  and  the  north  joint  about 
540  gallons. 

At  10  o'clock,  a  pressure  of  10  pounds  per  square  inch  was  applied. 
A  new  leak  developed  in  the  north  joint,  which  is  the  one  in  which 
there  was  difficulty  during  pouring.  The  north  joint  leaked  about 
2900  gallons  per  twenty-four  hours;  the  south  joint  about  180  gaUons. 

At  10.06,  a  pressure  of  15  pounds  was  .appUed.  There  were 
then  four  decided  leaks  in  the  north  joint  and  the  leakage  was 
about  4300  gallons  per  twenty-four  hours.  No  new  leaks  developed 
in  the  south  joint  and  the  leakage  was  not  measured. 

At  10.11,  a  pressure  of  20  pounds  was  applied;  a  new  leak  devel- 
oped in  the  south  joint.  It  was  found  at  10.14,  on  account  of 
leakage  that  it  was  impossible  to  hold  the  pressure  at  20  pounds 
and  it  dropped  to  19  poimds.  At  that  time  there  was  a  leakage  of 
about  720  gallons  per  twenty-four  hours  from  the  south  joint. 

The  pressure  was  taken  off  at  10.15.  The  north  joint  was  calked 
with  a  wooden  calking  tool  on  both  sides  of  the  pipe  just  above  the 
horizontal  axis  where  leaks  had  developed.  On  the  east  side,  the 
joint  was  found  to  be  hoUow,  due  probably  to  trouble  in  pouring. 


Digitized  by  VjOOQIC 


24  WILLIAM  W.   BBUSH 

A  pressure  of  5  pounds  was  put  on  the  pipe  line  again  and  the  leaks 
were  practically  the  same  as  before  calking. 

An  attempt  was  then  made  to  calk  the  north  joint  with  5  pounds 
pressure  on  the  pipe;  no  improvement  in  watertightness  was  appar- 
ent. As  far  as  could  be  observed,  calking  resulted  in  failure,  since 
it  broke  the  bond  of  the  material  with  the  pipe  and  failed  to  com- 
press the  material  so  as  to  make  it  tight  against  the  socket  and 
spigot. 

None  of  the  joints  in  this  line  showed  any  signs  of  movement 
under  20  pounds  pressure. 

The  line  in  which  the  contractor's  joint  material  was  used  was 
then  put  under  test  at  about  10.20.  The  north  joint  had  been 
leaking  slightly  at  the  bottom  since  9  o'clock,  when  the  water  was 
first  put  into  the  pipe  and  before  any  pressure  was  put  upon  it. 

At  10.27,  the  water  was  passed  rapidly  through  the  pipe  and  both 
joints  showed  some  very  sUght  leaks. 

At  10.30,  5  pounds  pressure  was  applied  to  the  line.  The  north 
joint  leaked  about  48  gallons  per  twenty-four  hours  and  five  minutes 
later  the  leakage  had  increased  to  about  180  gallons  per  twenty- 
four  hours.  In  the  south  joint  there  was  very  Uttle  change  from 
the  condition  under  no  pressure  and  the  leakage  was  about  135 
gallons  per  twenty-four  hours. 

At  10.39,  the  pressure  was  increased  to  10  pounds.  The  leakage 
in  the  north  joint  increased  at  the  bottom  and  side,  but  no  new 
leaks  formed.  In  the  north  joint,  the  leakage  was  about  270  gallons 
per  twenty-four  hours.  In  the  south  joint  there  was  no  change  in 
the  number  of  leaks,  the  leakage  increasing  to  about  270  gallons 
per  twenty-four  hours. 

At  10.45  o'clock  the  pressure  was  increased  to  15  po\mds.  No 
new  leaks  developed,  but  the  leakage  increased  in  the  north  joint 
to  about  360  gallons  per  twenty-four  hours,  and  in  the  south  joint 
to  about  630  gallons. 

At  10.50,  the  pressure  was  increased  to  20  pounds,  and  at  10.52, 
while  an  attempt  was  being  made  to  measure  the  leakage,  the  south 
joint  moved  out  at  the  bottom  so  that  no  further  tests  on  this  line 
were  possible. 

The  pipe  in  which  the  contractor's  joint  material  was  used  was 
then  broken  and  the  joints  removed  for  examination.  It  was  foimd 
that  the  south  joint  which  failed  was  deficient  in  depth  at  the  bot- 
tom.    The  yarn  gasket  had  apparently  not  been  driven  back  into 
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the  socket  sufficiently  to  permit  the  full  depth  of  the  joint  to  be 
poured.    The  remaining  joint  appeared  to  be  satisfactory. 

The  north  joint  in  the  line  in  which  the  Flush  Tank  Company's 
material  was  used,  was  then  cut  out  with  a  cold  chisel.  This  joint 
was,  of  course,  known  to  be  defective  on  account  of  trouble  during 
pouring.  It  was  found  that  hollow  spaces  existed  in  the  joint 
material.  There  seems,  however,  to  have  been  no  lack  of  adhesion 
to  the  joint,  except  where  the  joint  had  been  calked  so  that  the 
joint  material  was  broken. 

CondyMons,  The  experimental  work  and  the  field  results  showed 
that  the  vitrified  pipe  would  safely  stand  low  pressures,  say  under 
26  pounds  per  square  inch,  that  none  of  the  joint  compoimds  were 
successful  in  preventing  leakage,  but  that  fairly  satisfactory  results 
could  be  obtained  by  thoroughly  cleaning  the  joints  before  running 
the  joints.  The  use  of  cement  soaked  yam  appeared  to  be  detri- 
mental in  its  effect  on  watertightness  of  the  poured  joint. 

The  Bureau  has  been  experimenting  with  calked  cement  joints 
for  cast  iron  pipe,  following  the  instructions  given  by  Clark  H. 
Shaw  in  his  paper  presented  on  April  18,  1917,  before  the  American 
Society  of  Civil  Engineers.  These  joints  have  been  highly  success- 
ful imder  test  pressures  up  to  300  pounds  per  square  inch.  There 
seems  to  be  no  good  reason  why  a  calked  cement  joint  in  a  vitrified 
pipe  would  not  be  watertight  up  to  the  pressure  the  pipe  would 
safely  stand  if  care  is  exercised  to  calk  only  to  an  amount  that  the 
hubs  wiU  stand  without  cracking.  Experiments  along  this  line  are 
to  be  imdertaken  by  the  Bureau  in  the  near  future. 
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THE  DIFFERENTIATION  OF  BACTERIA  OF  THE 
COLON-AEROGENES  FAMILY^ 

By  William  Mansfield  Clark 

When  the  author  was  asked  to  present  a  paper  before  this  meeting 
he  gladly  accepted  for  he  felt  that  some  of  the  results  which  Mr. 
Rogers  and  himself  had  obtained  in  various  studies  of  the  so-called 
colon  group  of  bacteria  may  be  of  some  use  not  only  in  future  studies 
of  water  supplies  but  in  rapidly  and  accurately  meeting  some  of  the 
problems  which  will  arise  in  connection  with  the  water  suppUes  of 
our  camps  and  our  armies  in  the  field.  At  the  same  time  the  author 
is  painfully  aware  that  he  is  not  familiar  with  the  details  or  the  spe- 
cial problems  of  water  bacteriology  and  he,  therefore,  begs  indul- 
gence while  he  reviews  some  studies  in  which  he  has  been  particu- 
larly interested. 

For  a  long  time  a  distinction  has  been  made  between  B.  coli  and 
B.  aerogenes,  but  in  the  heterogenous  collection  of  organisms  which 
were  fished  from  feces,  water,  milk,  etc.,  it  was  not  always  easy  to 
make  a  clear  distinction  by  the  tests  at  hand.  The  reason  is  per- 
fectly plain. 

If  we  study  not  only  the  more  modem  work  but  especially  the 
researches  of  Harden  it  is  evident  that  the  products  of  fermenta- 
tion by  B.  coli  on  the  one  hand  and  B.  aerogenes  on  the  other  are 
very  similar  and  differ  chiefly  in  the  quantitative  proportions. 

The  quantitative  differences  in  gas  production  were  recognized 
by  Theobold  Smith  and  upon  these  differences.  Dr.  Smith  estab- 
lished the  use  of  his  fermentation  tube.  Because  the  characteristics 
studied  differ  only  in  a  quantitative  way,  while  the  method  involves 
sources  of  serious  analytical  error,  the  Smith  fermentation  tube  has 
been  of  very  limited  usefulness.  Harden,  Harden  and  Walpole, 
and  Thompson  established  somewhat  more  accurately  the  gas  ratios 
but  it  remained  for  Keyes  and  Keyes  and  Gillespie  not  only  to 
furnish  reliable  data  for  B.  coli  but  to  frame  the  method  of  gas  iso- 

^  Read  before  the  Chemical  and  Bacteriological  Section  at  the  Richmond 
Convention,  May  10,  1917. 
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lation  which  has  proved  so  useful  in  the  more  extensive  investiga- 
tions by  Rogers  and  his  collaborators. 

When  bacteria  of  the  colon-aerogenes  family  are  grown  in  bulbs 
evacuated  by  a  mercury  pump  and  the  CO2  and  Hj  liberated  in  the 
anaerobic  fermentation  of  dextrose  are  collected  with  the  aid  of 
such  a  pump  and  analyzed  accurately  the  ratio  COt/Hs  has  been 
found  to  be  a  most  valuable  means  of  diflferentiation.  We  have 
now  the  anal3rse8  for  about  660  cultures. 

In  their  study  of  cultures  isolated  from  milk  and  milk  products, 
Rogers,  Clark  and  Davis  found  that  approximately  half  gave  a  low 
gas  ratio  CO2  /  Hj  =  1.06.  The  others  gave  decidedly  higher  and 
more  variable  ratios.  Taking  up  a  search  for  possible  sources  of 
these  two  groups,  Rogers,  Clark  and  Evans  found  that  of  160  cul- 
tures isolated  from  bovine  feces  all  but  one  were  of  the  low  ratio 
type.  Where,  then,  are  the  high  ratio  organisms  to  be  found? 
All  possible  sources  are  of  course  not  known,  but  in  a  study  of  166 
cultures  isolated  from  grain,  it  was  found  that  150  were  of  the  high 
ratio  type.  Recently  it  has  been  found  that  high-gas-ratio  cultures 
may  be  isolated  from  both  bovine  and  himian  feces  by  special  meth- 
ods, but  that  the  predominant  type  found  in  both  human  and  bovine 
feces  are  of  the  low-ratio  type. 

The  potential  sanitary  significance  of  such  results  is  perfectly 
obvious.  It  will  perhaps  seem  more  pertinent  if  we  recall  that 
Rogers,  following  the  course  of  several  streams,  found  the  low-ratio 
colon  dultures  increasing  in  relative  numbers  with  the  entrance  of 
sewage  and  decreasing  in  relative  numbers  as  the  streams  purified 
themselves  and  passed  on  into  cleaner  surroundings. 

The  gas  analysis  methods  employed  are  necessarily  laborious  and 
time  consuming  and  therefore  not  appropriate  for  routine  work. 
But  fortunately  a  test  has  been  developed  which  correlates  with  the 
gas  ratios.  The  history  of  the  development  of  this  test  would  lead 
into  some  technical  details  which  can  be  appreciated  only  by  a 
careful  study  of  the  published  data,  but  the  principles  involved  may 
be  outlined  as  follows: 

In  its  fermentation  of  dextrose,  B.  coli  does  not  cease  its  activity 
with  the  production  of  any  definite  quantity  of  acid  but  only  when 
the  actual  ionized  acid,  as  measured  by  the  dissociated  hydrogen 
ions  reaches  a  certain  concentration.  This  value  may  be  measured 
electrometrically  by  means  of  the  hydrogen  electrode,  but  for  all 
ordinary  purposes  it  is  sufiScient  to  measiu*e  it  with  an  indicator. 
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*The  proper  indicator  to  use  in  this  instance  is  methyl  red,  which, 
if  added  to  a  culture  of  B.  coli  in  definite  quantity,  will  alwa3rs 
assume  about  the  same  red  color.  It  is  evident  that,  if  this  lethal 
or  limiting  hydrogen  ion  concentration  is  to  be  reached,  the  culture 
must  be  furnished  with  sufficient  sugar  so  that  the  acid  formed  there- 
from may  neutraUze  those  substances  in  the  medium  which  tend  to 
combine  with  and  suppress  the  dissociation  of  the  acid.  These 
substances  are  technically  known  as  buffers.  As  the  buffer  action 
of  the  medium  is  increased,  increasing  amounts  of  the  acid-forming 
sugar  must  be  supplied.  Now  let  the  sugar  content  be  adjusted  to 
the  buffer  action  so  that  B.  coU  can  just  reach  its  limiting  hydrogen 
ion  concentration.  Under  these  circumstances,  what  will  an  aero- 
genes  culture  do?  For  every  molecule  of  sugar  that  an  aerogenes 
culture  decomposes  it  forms  very  much  less  acid  than  a  coli  culture. 
Therefore,  under  the  circumstances,  an  aerogenes  culture  can  not 
overcome  the  buffer  action  of  the  medium.  It  can  not  reach  that 
limiting  hydrogen  ion  concentration  characteristic  of  B.  coU,  its 
other  activities  are  not  suppressed,  it  continues  to  decompose  what 
Uttle  acid  has  been  formed,  after  a  day  or  two  it  begins  to  make  the 
medium  more  alkaline  and  the  gross  result  is  that  the  hydrogen  ion 
concentration  is  very  much  lower  than  that  of  a  colon  culture. 
It  only  remains  to  make  this  difference  evident  to  the  eye.  Since 
methyl  red  turns  red  in  the  one  case  and  yellow  in  the  other  it  is  a 
suitable  indicator  for  the  purpose.  Hence  the  test  has  come  to  be 
known  as  the  methyl  red  test. 

These  are  the  principles  involved.  To  apply  them  it  was  neces- 
sary to  devise  a  medium  in  which  the  buffer  action  and  dextrose 
content  were  properly  adjusted.  Such  a  medium  is  composed  of 
Q.5  per  cent  K1HPO4,  0.6  per  cent  dextrose  and  0.6  per  cent  Witte 
peptone. 

This  medium  is  inoculated  with  pure  cultures  of  the  organisms 
to  be  tested  and  grown  five  days  at  30°C.  To  test  the  rtesulting 
hydrogen  ion  concentration  it  is  necessary  only  to  add  some  methyl 
red.  Coli  cultures  are  red  to  methyl  red,  aerogenes  cultures  yellow. 
This  test  was  found  to  correlate  perfectly  with  the  gas  ratios  when 
t3rpical  organisms  were  used. 

One  of  the  essential  components  of  this  medium  is  Witte  peptone. 
The  war  has  made  the  price  of  this  preparation  prohibitive  and 
therefore  several  workers  have  tried  to  substitute  other  peptones. 
Now  there  is  no  particular  virtue  in  Witte  peptone  which  makes  it 
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necessary  to  use  it  in  this  instance,  but  it  must  be  clearly  emphasized 
that  it  takes  part  in  the  buffer  action  of  the  medium,  upon  the 
proper  adjustment  of  which  the  very  essence  of  the  test  is  based. 
When,  therefore,  other  peptones  are  substituted  without  any  regard 
to  the  principle  mentioned,  uncertain  results  can  safely  be  predicted. 
It  has  been  a  matter  of  great  surprise  to  the  author  that  several 
bacteriologists,  without  any  regard  for  the  very  simple  and  essen- 
tial principles  of  the  method,  have  indiscriminately  changed  the 
composition  of  the  medium.  Apparently  the  question  of  economy 
or  the  mere  curiosity  to  see  what  would  happen  had  greater  weight 
than  the  adherence  to  a  scientific  principle. 

There  is  no  apparent  reason  why  peptone  preparations  other  than 
Witte's  can  not  be  substituted  provided  the  relation  of  the  result- 
ing buffer  action  to  the  sugar  content  is  properly  adjusted.  But 
rather  than  work  over  this  question  again.  Dr.  Lubs  and  the  author 
decided  to  devise  a  synthetic  medium.  The  principles  applied 
were  the  same.  The  proper  buffer  action  was  provided  by  the  salts 
of  phosphoric  and  phthaUc  acids  and  the  nitrogen  by  aspartic  acid. 
The  relative  proportions  of  these  were  so  adjusted  that  they  fur- 
nished not  only  the  proper  buffer  action  but  also  the  proper  initial 
hydrogen  ion  concentration,  for  it  is  now  known  that  adjustment 
of  the  reaction  of  a  medium  by  the  old  titration  method  has  nothing 
but  an  empirical  significance  for  particular  media  and  that  the  only 
valid  general  method  of  adjustment  is  in  terms  of  hydrogen  ion 
concentration.  Then,  by  trial,  the  proper  dextrose  content  was 
fixed.  The  resulting  medium  is  composed  of  0.7  per  cent  anhydrous 
Na«HP04,  or  0.88  per  cent  of  the  salt  which  contains  two  molecules 
of  water,  0.2  per  cent  KH  phthalate,  0.1  per  cent  aspartic  acid  and 
0.4  per  cent  dextrose. 

Tests  of  229  typical  cultures  of  the  colon  aerogenes  family  have 
been  made  on  this  medium.  The  correlation  between  the  differ- 
entiations so  made  and  those  made  with  the  gas  ratios  was  100 
per  cent  perfect. 

The  author  has  mentioned  so  far  the  tests  made  upon  what  have 
been  called  tjrpical  cultures.  By  typical  cultures  in  this  instance 
are  meant  those  organisms  whose  gas  ratios  and  gas  volumes,  when 
accurately  determined,  conform  to  one  or  the  other  of  the  two 
types  of  values  which  the  study  of  some  660  cultures  has  clearly 
established  as  characteristic.  From  time  to  time  there  have  ap- 
peared in  the  collections  of  the  Bureau  of  Animal  Industry  or  there 
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have  been  sent  to  the  Bureau  by  others,  cultures  which  in  one  way 
or  another  did  not  conform  to  either  type.  The  methyl  red  test 
when  applied  to  these  cultures  is  more  or  less  uncertain. 

It  is  of  course  impossible  to  say  how  frequently  or  under  what 
circumstances  similar  organisms  will  occur  in  the  collections  gathered 
in  the  routine  examination  of  diverse  waters.  The  Bureau's  results 
indicate  that  they  are  comparatively  rare  and  not  likely  to  inter- 
fere seriously  with  sharp  differentiations. 

If  these  atypical  cultures,  which  can  not  be  definitely  classified 
by  any  test  known  to  the  author,  are  excluded,  there  is  a  total  of 
374  cases  in  which  the  correlation  between  the  methyl  red  test  and 
the  accurately  determined  gas  ratio  is  perfect.  As  was  pointed  out 
in  an  earlier  paper,  a  similar  degree  of  correlation  between  any  two 
tests  used  in  the  colon-aerogenes  group  was  unknown. 
^Recently  Levine  in  studying  his  collection  of  coli-aerogenes  cul- 
tures discovered  an  almost  perfect  correlation  between  the  differ- 
entiations made  with  the  Voges-Proskauer  reaction  and  those  made 
with  the  methyl  red  test.  By  means  of  this  correlation  Levine 
was  able  to  show  that  some  of  the  conclusions  regarding  the  dis- 
tribution of  these  bacteria  which  had  been  reached  in  older  studies 
with  the  Voges-Proskauer  reaction  were  confirmed  by  the  more 
careful  work  of  Rogers  and  his  collaborators. 

According  to  Harden,  "  Voges  and  Proskauer's  reaction  .... 
appears  to  be  due  to  acetyl  methyl  carbinol,  which  is  formed  by  the 
action  of  the  bacteria  on  the  glucose  of  the  medium.  In  the  pres- 
ence of  potash  and  the  air  this  is  oxidized  to  diacetyl  which  then 
reacts  with  some  constituent  of  the  peptone  water." 

Since  the  revised  medium  described  contains  no  peptone  or  any 
protein  body,  except  such  as  may  be  formed  by  the  S3mthetic  action 
of  the  bacteria,  it  is  necessary  to  supply  such  a  substance  if  the 
Voges-Proskauer  reaction  in  this  new  medium  is  to  be  observed. 
Harden  and  Norris  have  shown  that  various  proteins  and  peptones 
react  with  diacetyl  in  the  presence  of  alkali  to  give  the  eosin-like 
fluorescent  color  characteristic  of  this  test.  Since  casein  may  easily 
be  obtained  in  a  pure  state  and  reacts  with  diacetyl,  it  is  a  suitable 
reagent  for  this  present  purpose.  It  is  added  after  the  growth  of 
the  cultures  together  with  the  strong  alkali  and  produces  in  the 
colorless  synthetic  medium  an  intensity  of  color  which  far  exceeds 
that  of  any  Voges-Proskauer  reaction  the  author  has  ever  seen  in 
other  media. 
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Colon  cultures  with  low  gas  ratio  do  not  give  the  reaction.  High- 
gas-ratio  cultures  generally  do. 

For  reasons  which  will  be  presented  in  detail  in  a  forthcoming 
paper,  the  author  does  not  place  the  reliance  on  this  test  that  he 
does  on  the  methyl  red  test.  The  chief  reason  is  that  in  certain 
cultures  the  reaction  is  faint  and  fleeting,  and  may  easily  be  missed. 
By  means  of  very  careful  observations,  however,  for  all  the  typical 
cultures  tested  a  perfect  correlation  with  the  Voges-Proskauer  test 
and  the  gas  ratios  has  been  established.  This,  then,  furnishes 
three  tests  which  correlate  perfectly. 

Correlations  between  the  gas  ratio  and  the  Voges-Proskauer  test 
have  been  established  by  Harden,  Walpole  and  Thompson.  Corre- 
lations between  the  methyl  red  test  and  the  Voges-Proskauer  test 
have  been  established  by  Winslow  and  Kligler,  Levine,  Hulton, 
Greenfield  and  Johnson.  Dr.  McCrady,  of  Montreal,  has  recently 
reported  results  which  are  in  accord  with  the  work  mentioned. 

Lastly,  the  Bureau  of  Animal  Industry  has  established  in  its  own 
work  a  correlation  between  the  gas  ratios,  the  Voges-Proskauer 
test's  and  the  methyl  red  tests  which  leaves  no  doubt  that  the  methyl 
red  test  is  a  simple,  practical  and  reliable  method  for  differentiating 
the  two  chief  groups  of  the  colon-aerogenes  family. 

Perhaps  the  author  should  here  leave  the  subject  for  he  has  per- 
sonally been  concerned  only  with  the  development  of  the  method 
and  the  technique  of  its  use  and  not  with  interpretations  of  the 
sanitary  significance  of  the  results.  But  he  desires  to  emphasize 
strongly  a  matter  which,  it  seems  to  him,  should  be  kept  perfectly 
clear  in  any  discussion  of  the  merits  of  the  test. 

If  it  is  desired  to  differentiate  between  the  high  and  the  low  gas 
ratio  cultures,  between  those  two  types  which  may  be  conveniently 
calted  coli  and  aerogenes,  a  reliable  method  will  be  found  in  the 
methyl  red  test.  Of  this  there  is  no  doubt.  But  the  problems 
which  water  works  managers  face  are  more  complicated.  They 
are  called  upon  not  only  to  determine  the  flora  of  the  waters  placed 
under  their  care  but  also  to  interpret  the  sanitary  significance  of 
the  flora  that  are  found. 

It  is  certainly  suggestive  to  know  that  in  the  feces  of  man  and 
domestic  animals  the  methyl  red  positive  type  of  the  colon  aerogenes 
bacteria  is  dominant,  and  in  grain  and  certain  soils  the  methyl  red 
negative  type  predominates.  But  it  is  well  to  remember  that  a 
careful  search  will  reveal  B.  aerogenes  in  feces  and  B.  coli  in  virgin 
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soil  and  in  waters  situated  far  from  the  habitations  of  man  and 
domestic  animals. 

It  is  evident,  therefore,  that  the  significant  thing  to  look  for  is 
the  relative  nmnbers  of  each  type  in  the  material  under  examination, 
as  Rogers  did  in  his  water  work.  In  the  extension  of  such  studies, 
there  will  be  involved  several  important  questions,  such  as  the 
relative  rates  of  growth  or  destruction  of  each  type  when  it  enters 
waters  of  different  chemical  composition  and  of  different  physical 
conditions  from  various  sources  of  pollution,  and  also  the  examina- 
tion of  yet  unstudied  potential  sources  of  each  type. 

Perhaps  such  questions  will  have  to  be  carefully  and  extensively 
investigated  before  one  can  draw  very  certain  conclusions  regarding 
the  sanitary  significance  of  the  data  furnished  by  the  methyl  red 
test,  but  it  seems  to  the  author  that  in  the  mean  time  the  test  should 
be  included  in  the  routine  examination  of  water  supplies  for  the 
following  reasons:  In  the  first  place,  it  is  as  simple  a  test  as  any  in 
use  and  at  the  same  time  is  based  upon  phenomena  the  gross  aspects 
of  which  are  now  known  far  better  than  are  those  of  several  other 
tests  which  might  be  mentioned.  In  the  next  place  it  correlates 
with  other  tests  to  a  degree  unknown  among  the  tests  formerly 
employed.  Finally,  laying  aside  any  opinion  that  it  may  be  used 
as  a  direct  index  of  pollution,  it  does  differentiate  two  very  distinct 
types  of  bacteria  which  have  frequently  been  confused  in  the  routine 
tests  of  the  past.  It  therefore  gives  the  water  works  superinten- 
dent a  better  acquaintance  with  the  flora  of  the  supplies  placed  in 
his  charge.  Those  who  guard  these  trusts  in  more  than  a  perfunc- 
tory manner  probably  depend  upon  such  an  intimate  acquaintance 
to  a  greater  degree  than  can  be  expressed  in  the  formal  terms  of 
standard  methods  or  court  room  pronouncements. 

The  author's  belief  is  that  the  methyl  red  test  will  furnish  the 
basis  for  some  good  guesses.  It  will  at  least  be  a  valuable  instru- 
ment for  some  practical  researches. 

DISCUSSION 

F.  W.  Green:  This  subject  of  the  hydrogen  ions  content,  the 
neutrality  of  the  media  and  the  relationship  between  the  two, 
appears  to  the  speaker  one  of  colloids.  The  condition  of  the  media, 
as  to  whether  these  colloids  are  suspensoids  or  emulsoids,  is  a  very 
important  factor  in  the  reaction,  and,  therefore,  it  is  necessary  to 
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take  into  account  the  electrical  potential  of  the  media.  The  speaker 
knows  of  no  method  of  determining  this  and  thinks  that  both  in 
laboratory  work  and  also'  in  the  reactions  of  the  general  supply  this 
is  a  most  important  factor  and  should  be  taken  into  account.  Tests 
should  be  devised  whereby  it  will  be  possible  to  determine  the 
amounts  of  colloids  that  are  present  and  whether  they  are  suspen- 
soids  or  emulsoids. 

Joseph  Race:  Everyone  who  has  had  experience  in  water  bac- 
teriology must  have  a  feeling  of  gratitude  toward  the  workers  at 
Washington  for  the  able  and  painstaking  efforts  which  they  have 
made  to  elucidate  the  whole  question  of  B.  coli.  The  work  which 
they  have  performed  in  the  last  two  or  three  years  has  advanced 
our  knowledge  of  B.  coli  more  than  all  that  has  taken  place  during 
the  last  decade.  The  author  has  mentioned  several  important 
points  and  has  discussed  the  technique  in  considerable  detail.  One 
point  that  he  emphasized  was  the  importance  of  the  delicate  adjust- 
ment of  the  buffer  to  the  sugar,  and  to  water  works  men  it  is  impor- 
tant to  know  if  the  usual  medium  has  this  adjustment.  The  speaker 
believes  it  has  not.  The  usual  practice  in  the  determination  of  type 
is  to  plate  out  from  the  liquid  enrichment  medium  on  the  first  signs 
of  gas.  That  raises  the  question  of  the  relative  rate  of  reproduction 
of  the  various  types  in  a  given  medium.  Taking,  for  example,  a 
fifty-fifty  mixture  of  the  fecal  and  grain  types  in  lactose  broth  or 
bile;  what  will  be  the  relative  proportions  after  twenty-four  and 
forty-eight  hours?  There  is  no  guarantee  that  the  colctnies  fished 
in  the  usual  way  are  not  all  descendants  from  one  common  organism 
and  the  cmly  accurate  method  for  the  determination  of  type  is  to 
plate  out  the  original  sample  on  a  solid  medium.  On  looking 
over  his  results  for  the  last  six  to  eight  months  it  appears  to  the 
speaker  that  if  gas  is  present  in  the  fermentation  after  twenty-four 
hoiu^  the  majority  of  the  organisms  are  of  the  fecal  type:  after 
forty-eight  incubation  the  majority  are  of  the  grain  or  negative 
methyl  red  type.  This  seems  to  indicate  that  the  grain  type  is 
more  resistant  than  the  fecal  type  under  the  conditions  obtaining 
in  the  fermentation  tubes. 

William  Mansfield  Clark:  One  of  the  accepted  points  in  which 
colloids  differ  from  crystalloids  is  the  size  of  the  particle.  This 
carries  with  it  certain  accentuations  of  properties  which  are  held 
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in  common  by  both  classes.  Now  it  is  true  that  in  culture  media 
we  frequently  have  matter  in  the  colloidal  state  but  the  essential 
point  at  issue  is  that  these  colloids  act  as  neutralizers  in  essentially 
the  same  way  as  more  familiar  acids  and  bases.  The  neutralizing 
action  of  casein  is  an  example.  There  are,  of  course,  substances 
which  differ  from  this  in  that  the  absorption  of  acids  and  bases  is 
a  phenomenon  of  surface  condensation.  Charcoal  is  not  regarded 
as  an  acid  or  a  base,  and  yet  upon  charcoal  it  is  possible  to  have 
condensation  of  an  acid  and  the  resultant  effect  is  as  if  the  acid  were 
neutralized.  From  the  practical  point  of  view  the  author  thinks 
these  particular  explanations  may  be  disregarded  because  there  are 
methods  which  determine  with  reasonable  accuracy,  and  simply, 
the  actual  hydrogen  ion  concentration  of  a  medium;  and  so  far  as 
the  author  knows  it  is  this  value  as  determined  by  these  methods 
which  is  found  to  be  significant  for  the  growth  and  metabolism  of 
bacteria. 

It  would  be  very  nice  to  be  able  to  distinguish  between  the  neu- 
tralizing effect  of  colloids  as  colloids  and  all  other  bodies  which  are 
acting  by  virtue  only  of  their  acidic  or  basic  properties,  but  for 
most  practical  purposes  it  is  at  present  unnecessary  to  make  such 
a  distinction  in  adjusting  and  testing  culture  media. 

To  determine  by  the  simple  methods  at  hand  the  hydrogen  ion 
concentration  which  you  actually  have,  whatever  the  conditions 
causing  it,  and  to  adjust  media  in  accordance  with  the  particular 
value  which  is  found  to  be  advantageous  for  the  particular  organism 
you  are  studying,  is  the  first  and  necessary  step. 

The  subject  of  enrichment  media  is  one  which  we  have  not  inves- 
tigated, but  there  are  involved  certain  theoretical  considerations, 
which  it  seems  to  the  author  ought  to  be  recognized  very  clearly. 
B.  coli  has  an  optimum  rate  of  growth  slightly  above  the  true  neu- 
tral point,  a  hydrogen  ion  concentration  represented  by  Ph  6.8 
perhaps.  On  either  side  of  that  point  the  rate  of  growth  will  not 
decline  rapidly  at  first,  but  regions  may  soon  be  reached  where 
the  rate  will  decline  exceedingly  rapidly.  The  relative  rates  of 
growth  for  B.  aerogenes  at  different  hydrogen  ion  concentrations 
has,  so  far  as  the  author  knows,  not  been  studied  and  therefore  he 
does  not  think  it  is  possible  to  reach  any  definite  conclusion  regard- 
ing the  relative  increases  in  the  number  of  each  type  when  growing 
in  enrichment  media.  Of  course  the  question  may  have  been 
attacked  from  an  empirical  point  of  view,  with  the  medium  strictly 
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limited  to  one  composition  and  one  reaction.    No  very  useful  gen- 
eralization can  be  reached  in  that  way. 

In  the  study  of  all  such  problems  it  is  exceedingly  important, 
vitally  important,  to  control  the  true  reaction  of  the  medium.  This 
subject  has  been  studied  extensively  by  Dr.  Lubs  and  the  author, 
who  have  shown  that  the  colorimetric  method  of  measuring  the 
hydrogen  ion  concentration  of  culture  media  can  be  used  by  any 
bacteriologist  with  ordinary  chemical  training.  The  author  thinks 
the  method  will  have  to  be  applied  before  we  know  definitely  where 
we  stand  in  regard  to  several  aspects  of  enrichment  media. 

In  this  connection  the  author  desires  to  mention  one  incident. 
A  certain  official  medium  used  for  testing  disinfectants  contained  a 
rich  buffer  in  its  content  of  beef  infusion.'  It  had  been  empirically 
established  that  this  medium  should  have  a  certain  *' reaction" 
which,  the  author  believes,  was  plus  1.6.  Some  one,  the  author 
does  not  know  the  history  of  the  case  and  so  may  not  state  it  with 
historical  accuracy,  some  one  thought  it  would  be  well  to  "simplify" 
the  medium  by  substituting  for  the  beef  infusion  0.3  per  cent  Liebig's 
Extract.  This  was  done,  but  the  formula  was  left  with  the  same 
degree  of  titratable  acidity  which  had  worked  all  right  in  the  old 
medium.  There  was  considerable  wonder  when  it  was  found  that 
the  new  medium  would  not  work,  but  it  was  soon  found  why  it 
would  not  work,  for  Doctor  Phelps  discovered  that  the  new  medium 
had  a  hydrogen  ion  concentration  near  the  optimum  acid  agglutina- 
tion point  of  B.  typhi.  By  applying  the  rational  method  of  adjust- 
ment they  are  now  getting  good  results  with  the  new  medium. 

The  author  might  go  on  indefinitely  with  the  citation  of  other 
cases.  For  instance,  the  product  of  one  of  our  American  manu- 
facturers was  seriously  threatened  because  people  insisted  upon 
appl3ang  to  media  constructed  with  this  peptone  the  old  standards 
of  reaction  which  had  been  empirically  established  for  Witte  pep- 
tone. Now  that  adjustments  are  made  in  terms  of  hydrogen  ion 
concentration,  as  good  and  sometimes  better  results  can  be  obtained 
with  the  American  product. 

In  what  degree  the  true  reaction  of  an  enrichment  medium  will 
influence  the  relative  numbers  of  different  bacteria  in  mixed  cultures 
the  author  can  not  say,  but  he  is  sure  little  confidence  should  be 
placed  in  the  process  until  this  factor  is  experimentallv  known. 
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What  the  speaker  has  to  say  may  not  interest  any  one  particu- 
larly unless  he  is  engaged  in  laying  pipe  in  a  locaUty  where  the  soil 
and  subsoil  are  such  as  are  found  at  the  south  end  of  Lake  Michigan 
in  Indiana,  where  there  is  nothing  but  sand.  Several  years  ago, 
before  the  district  there  was  very  well  sewered,  the  ground  water 
stayed  at  just  about  the  average  surface  elevation  of  the  groimd 
and  it  was  very  difficult  to  lay  water  mains.  The  sand  with  the 
water  standing  in  its  pores  was  a  quicksand,  about  the  worst  quick- 
sand imaginable.  If  the  water  could  be  taken  out  of  the  sand,  the 
trenches  would  stand  fairly  well  and  little  difficulty  was  experienced 
in  the  work. 

A  few  years  ago,  when  the  speaker  was  actively  in  charge  of  the 
East  Chicago  plant,  a  little  trench-draining  apparatus  with  an 
ordinary  diaphragm  pump  was  devised.  A  4-inch  header  about 
19  feet  long,  with  J  inch  taps  in  it,  was  laid  on  timbers  in  the  center 
of  the  trench,  with  well  points  connected  to  it  in  a  staggered  fashion. 
This  header  was  connected  to  the  pump  and  the  water  pumped  out 
of  the  ground  as  in  any  permanent  driven  well  installation. 

Recently  the  man  in  active  charge  there  has  made  quite  an  im- 
provement. The  apparatus  that  he  uses  consists  of  a  header  line 
about  100  feet  in  length,  in  which  he  uses,  say,  30  feet  of  3-inch  pipe, 
30  feet  of  2-inch  pipe  and  40  feet  of  1  J-inch  pipe.  This  is  made  up 
with  reducing  flanges  where  the  change  in  size  of  pipe  comes,  and 
the  men  handle  it  one  section  at  a  time,  if  necessary,  in  moving. 
The  far  end  of  the  header  line  ia  capped  or  plugged.  On  one  side  of 
this  header  and  every  6  feet  apart  a  1-inch  tap  is  made,  screwing 
into  this  tap  a  nipple  of  1-inch  pipe  threaded  on  one  end  and  leaving 
the  outer  end  so  that  it  can  be  dressed  down  with  a  slight  taper. 
This  nipple  need  be  only  6  or  6  inches  long.  The  header  is  placed 
on  the  bank  at  one  side  of  the  trench.    A  30-inch  well-point  !{ 

^  An  informal  statement  at  the  Richmond  Convention,  May  10, 1917. 
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inches  in  diameter  is  used,  and  to  it  is  attached  a  6-foot  piece  of 
l}-inch  pipe.  This  is  reduced  to  1  inch  for  a  hose  connection,  which 
is  made  pennanent,  the  hose  being  about  4  feet  long.  After  the 
trench  has  been  dug  as  deep  as  possible  without  removing  the  water, 
the  well  points  are  jetted  down  by  means  of  a  piece  of  garden  hose 
and  a  straight  piece  of  ^  or  |-inch  pipe,  using  the  regular  pump  for 
this  purpose  and  water  from  a  supply  tank.  After  the  points  have 
been  driven  they  are  connected  to  the  header  by  slipping  the  hose 
over  the  ferrule-like  nipples.  A  4-inch  triplex  pump  connected  to 
the  header  will  produce  a  dry  ditch  in  a  short  time  and  by  having 
the  outfit  connected  in  this  way  it  leaves  full  working  space  in  the 
trench. 

Frequent  driving  has  a  tendency  to  spoil  the  points.  The  mains 
are  laid  with  about  5  feet  of  cover  and  the  banks  of  sand  will  stand 
up  without  any  sheathing  at  that  depth.  One  of  the  peculiarities 
of  the  sand  of  that  tegion  is  that  before  it  has  been  disturbed  in  any 
way  trenches  cut  in  it  will  stand  up  well,  but  after  it  has  been  once 
disturbed  and  its  original  state  changed,  it  will  cave  badly. 

DISCUSSION 

William  W.  Brush:  On  Long  Island  the  Bureau  of  Water  is 
drawing  many  millions  of  gallons  of  water  from  sand  which  is  quick- 
sand in  appearance  and  action  when  saturated,  but  will  stand  up 
when  dry.  In  Manhattan  the  subway  contractors  have  generally 
adopted  the  sump  method  of  draining  wet  trenches  and  those  who 
have  tried  the  well  method  have  ^ven  it  up.  The  speaker  asked 
some  of  them  why  they  did  not  use  the  latter  method  and  was  told 
that  the  sump  method  was  much  cheaper  and  gave  entire  satisfac- 
tion. The  speaker  has  seen  sand  on  Williams  Street,  New  York, 
adjacent  to  biiildings  with  very  heavy  foundation  loads  and  where 
the  sand  with  water  in  it  was  like  quicksand,  drained  by  putting 
in  sumps  surprisingly  far  apart  and  carrjdng  these  sumps  down 
about  6  feet  below  the  bottom  of  the  subgrade  of  the  subway.  The 
question  has  therefore  arisen  in  the  speaker's  mind  whether  the 
sump  method  of  draining  trenches  in  wet  sand  may  not  be  better 
than  the  well  method,  although  he  has  found  the  latter  very  satis- 
factory. In  his  experience,  it  has  been  impracticable  to  hold  foun- 
dation planking  in  place  in  such  soils  without  some  method  of  drain- 
ing the  water  out  of  the  sand. 
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A.  Prbscott  Folwbll:  The  speaker  would  not  encourage  any- 
body from  trying  any  promising  method  of  keeping  water  out  of 
trenches  but  he  is  unable  to  subscribe  to  the  statement  that  the 
well  method  will  be  successful  in  any  soil  whatever,  for  he  has 
seen  trench  work  in  porous  gravel  where  the  contractor  was  com- 
pelled to  use  a  6-inch  and  an  8-inch  steam  pump,  working  simul- 
taneously, to  keep  the  water  down  in  a  trench  only  50  to  75  feet  long 
for  a  suflScient  time  to  permit  laying  sewer  pipe.  The  speaker  doubts 
that  any  number  of  well  points  would  remove  enough  water  from 
such  a  trench  to  keep  it  dry. 

Dabney  H.  Maury:  In  a  paper  presented  some  time  ago  the 
speaker  attempted  to  describe  some  of  his  engineering  mistakes  and 
one  of  those  which  had  proved  most  costly  was  an  attempt  to  put 
down  a  well  by  pumping  from  the  infeide.  The  devices  described 
by  the  first  speaker  all  aim  at  the  same  sensible  treatment  of  the 
problem,  namely,  to  remove  the  water  without  offering  the  sand 
an  opportunity  to  flow  into  the  excavation,  for  if  the  water  is  allowed 
to  flow  through  the  sand  to  the  point  where  it  is  being  removed  it 
will  certainly  drag  the  sand  with  it.  No  matter  how  many  times 
this  warning  is  repeated,  the  mistake  will  probably  be  made  many 
times  by  some  of  tjiose  who  have  been  cautioned  against  it,  although 
the  blunder,  often  repeated  though  it  is,  causes  much  loss  every 
year. 

John  W.  Alvord:  About  ten  years  ago,  in  the  construction  of 
the  sewerage  system  of  Gary,  Ind.,  very  difficult  running  sand  was 
encountered.  The  first  contractor,  using  old-fashioned  pumping 
methods  of  draining  the  ditches,  ran  heavily  into  debt  and  was 
greatly  delayed  in  building  a  large  main  sewer.  Later  another 
contractor  accomplished  the  construction  of  a  similar  main  sewer 
about  17  feet  deep  by  the  well-point  method  of  draining.  The 
latter  ditch  was  kept  so  dry  by  this  method  that  the  sand  in  the 
bottom  of  the  ditch  had  about  the  same  consistency,  as  brown  sugar. 
Rapid  progress  was  made  and  the  contractor  reaped  a  good  round 
profit.  Since  that  time  the  well-point  method  has  become  standard 
in  and  around  Chicago  for  all  very  wet  or  deep  running  sand  ditches. 

Clarence  L.  Kirk:  Referring  to  Mr.  Alvord's  remarks,  the 
speaker  has  used  the  well  method  in  building  sewers  at  depths  of 
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18  to  24  feet  and  found  very  little  diflSculty  with  it.  Points  were 
used  on  both  sides  of  the  trench  and  a  header  was  strung  out  3 
or  4  feet  in  length;  a  rather  large  pump,  say  a  10-inch  size,  was 
employed. 
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William  W.  Brush:  In  all  but  one  of  the  boroughs  of  New 
York  City  the  water  revenues  are  paid  into  the  General  Fund  and 
all  expenses,  including  interest  on  and  amortization  of  bonds,  are 
paid  out  of  that  fund,  which  is  raised  mainly  by  taxation.  Under 
a  special  law  the  water  revenues  are  used  for  the  maintenance  of 
the  water  system  in  one  of  the  boroughs.  The  New  York  method 
makes  it  impossible  to  determine  readily  what  are  the  actual  rev- 
enues and  expenses  of  the  water  works.  There  can  be  no  question 
but  that  the  accounts  should  show  every  transaction  which  affects 
the  water  supply,  on  either  the  receipt  or  disbursement  side.  Fur- 
ther, every  service  rendered  by  the  water  works  should  be  charged 
against  some  account  on  the  books.  The  Bureau  of  Water  is  work- 
ing toward  this  ideal  and  trying  to  obtain  proper  credits  for  water 
used  in  fighting  fires,  cleaning  streets,  supplying  pubUc  buildings  and 
other  services  rendered  to  other  municipal  departments. 

Water  works  officials  should  devise  a  scheme  whereby  it  can  be 
readily  shown  what  sums  are  paid  for  the  maintenance  and  operation 
of  a  plant,  interest  charges  and  amortization  of  bonds,  as  well  as 
the  proper  charges  for  parts  of  the  works  built  by  the  proceeds  of 
bond  issues  already  retired.  On  the  other  side  of  the  ledger  should 
be  shown  the  revenue  that  should  be  credited  to  the  water  works, 
including  every  item  ordinarily  considered  a  free  service  but  which 
is  a  service  for  which  a  credit  should  be  given.  An  item  of  esti- 
mated taxes  against  the  works  and  all  other  proper  charges  should 
be  entered  in  the  cost  of  maintenance  of  the  works.  If  all  water 
works  organizations  keep  such  records  and  make  a  comparison  with 
the  accounts  of  other  communities  it  will  be  possible  for  each  official 
to  find  out  if  he  is  omitting  some  item  and  to  learn  what  has  been 
the  real  cost  of  supplying  water  and  what  would  be  the  income  of 
the  plant  if  free  service  was  eliminated. 

R.  B.  Howell:  Whether  taxes  are  charged  against  a  municipal 
plant  is  immaterial  except  in  comparing  the  expenses  of  municipal 

^  Informal  discussion  at  Richmond  Convention,  May  10,  1917. 

40 


Digitized  by  VjOOQIC 


ACCOUNTING   FOR  INTEREST  AND   TAXES  41 

and  private  operation  under  like  conditions.  If  taxes  are  taken  into 
consideration  in  a  municipal  plant  the  accounts  should  also  show  the 
sums  set  aside  for  the  amortization  of  the  plant's  bonded  indebted- 
ness, which  may  be  more  than  the  taxes  would  amoimt  to. 

In  Omaha  the  water  works  have  been  owned  by  a  special  district, 
now  practically  the  same  as  the  city,  for  about  four  and  one-half 
years.  In  the  year  when  the  first  bonds  were  voted  to  buy  the 
plant,  the  taxes  paid  to  the  city  by  the  Omaha  Water  Company 
amounted  to  about  $14,000.  Last  year,  out  of  the  revenues  of  the 
plant,  something  over  $137,000  was  set  aside  to  amortize  the  bonds. 
Two  years  ago  the  Nebraska  legislature  passed  an  act  requiring  the 
state  authorities  to  audit  the  books  of  the  Metropolitan  Water 
District  of  Omaha,  and  in  the  audit  there  was  charged  against  the 
earnings  of  the  plant  as  possible  taxes  for  1916  something  over 
$140,000,  or  about  ten  times  what  the  water  company  had  paid  a 
few  years  before. 

The  Omaha  Department  is  not  allowed  to  charge  the  city  any- 
thing for  water  for  pubUc  use,  but  the  city  must  contribute  not 
less  than  3  mills  on  one-fifth  of  the  value  of  the  water  works  prop- 
erty within  the  city,  for  fire-hydrant  service.  The  income  from  this 
source  is  about  $140,000,  or  between  $50  and  $60  per  hydrant  an- 
nually. An  estimate  of  the  amount  the  city  ought  to  pay  for  water, 
based  on  formulas  recommended  by  members  of  this  Association, 
is  about  40  per  cent  of  the  total  revenue,  whereas  it  is  paying  less 
than  20  per  cent. 

Unless  city  departments  are  charged  for  water  just  as  individuals 
are  charged,  there  will  be  great  municiplkl  wiEtste  of  water.  For 
instance  a  number  of  swimming  pools  are  being  built  in  Omaha  and 
a  demand  is  made  to  refill  each  pool  daily.  As  some  of  the  pools 
are  very  large,  the  quantity  of  water  required  for  them  will  be  great, 
and  if  the  Park  Department  had  to  pay  for  this  water  it  would 
soon  devise  some  method  of  purifying  it  so  that  the  supply  could 
be  used  over  and  over,  as  is  done  elsewhere. 

J.  Walter  Ackerman:  The  Water  Department  of  Auburn,  N. 
Y.,  is  independent  of  other  branches  of  the  city  government,  except 
that  it  must  pay  taxes  on  the  portion  of  its  property  outside  the 
dty  limits.  The  Department  charges  the  city  the  regular  meter 
rates  for  water  used  in  all  public  buildings  and  also  charges  a  hy- 
drant rental  to  cover  the  cost  of  fire  protection.    This  rental  is 


Digitized  by  VjOOQIC 


42  DISCUSSION 

probably  too  small,  but  it  is  at  least  an  attempt  at  sound  finance  in 
this  matter.  The  city  charter,  which  is  an  old  one,  provided  that 
the  sum  paid  annually  for  hydrant  rental  must  not  exceed  a  cer- 
tain total  sum,  which  is  the  reason  that  this  item  in  the  Depart- 
ment's financial  afifairs  leaves  something  to  be  desired.  The  Depart- 
ment pays  all  interest  charges  on  its  indebtedness  and  has  a  sinking 
fund  for  retiring  all  bonds  as  they  become  due;  the  sinking  fund 
can  be  used  for  no  other  purpose,  under  the  law. 

Henry  P.  Bohmann:  In  Milwaukee  no  distinction  is  made  be- 
tween a  municipal  department  and  a  private  consiuner.  At  the 
close  of  the  year  the  city  comptroller  credits  the  Water  Depart- 
ment with  the  sums  charged  to  the  other  municipal  departments 
for  the  water  supplied  to  them.  The  hydrant  rental  is  merely  a 
nominal  sum,  $5  a  year,  and  does  not  pay  for  the  inspection,  let 
along  the  maintenance.  It  was  not  fixed  by  the  State  Raihoad 
Commission,  which  would  probably  allow  at  least  $25  or  $30  if  the 
rate  was  submitted  to  it  for  determination.  The  amount  collected 
from  the  city  last  year  was  $160,000,  but  the  Department  pays 
$200,000  annually  into  the  general  city  fund,  to  be  applied  to  the 
reduction  of  the  general  taxes  and  it  pays  the  interest  on  its  bonds 
and  retires  them  when  they  become  due. 

George  A.  Main:  In  Daytona  the  annual  charge  for  fire  pro- 
tection is  not  based  entirely  on  the  number  of  hydrants,  but  is  $500 
per  mile  of  main  plus  $10  per  hydrant.  In  this  way  the  heavy 
investment  expense  for  large  pipes  with  few  hydrants  is  equalized 
with  the  lower  cost  of  smaller  pipes  having  more  hydrants.  The 
city  is  charged  a  rental  for  Department  property  used  by  it  and 
credited  for  services  it  renders,  bonds  it  pays  and  a  sum  estimated 
to  be  the  tax  were  the  works  owned  by  a  private  corporation. 
While  the  Department  pays  no  taxes,  the  estimated  taxes  are 
charged  against  it  in  order  that  the  affairs  of  the  Department  may 
be  compared  with  those  of  privately  owned  works. 

Frank  A.  Ejmball:  In  New  Jersey  the  same  system  of  account- 
ing is  supposed  to  be  followed  by  both  public  and  private  water 
works  and  other  public  utilities,  but  there  are  some  municipal 
plants  that  have  not  yet  been  forced  to  comply  with  the  law  and 
regulations.    The  s)rstem  of  accounting  provides  for  the  entry  of  all 
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charges  or  credits  for  interest  and  other  items,  whether  collected  or 
not.  Where  a  city  department  is  charged  for  water,  light  or  any- 
thing else,  and  the  charge  is  not  to  be  collected,  the  items  are  carried 
out  in  a  ''duplicate  adjustment  account."  Thus  all  expenses  and 
all  income  are  shown  by  their  proper  accounts,  whether  actually 
collectable  or  not,  and  the  true  financial  status  of  the  utility  as 
well  as  its  status  after  the  introduction  of  the  duplicate  adjustment 
acooimt  can  be  ascertained. 
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By  Henry  B.  Machen 

For  many  years  water  works  officials  have  discussed  leakage 
from  distribution  systems  and  the  effect  of  changes  in  pressm'e 
without  being  able  to  come  to  definite  conclusions,  due  to  the  fact 
that,  except  that  for  single  supply  lines  laid  generally  under  most 
favorable  conditions,  after  the  main  has  been  placed  in  service  it 
has  been  impossible  to  separate  leakage  from  consumption. 

The  high  pressure  fire  system  in  the  Borough  of  Manhattan, 
New  York  City,  due  to  the  fact  that  New  York  has  not  permitted 
any  private  connection  to  its  fire  mains,  gives  an  opportunity  to 
make  tests  on  a  distribution  system  of  128  miles  of  mains,  2728 
hydrants  and  over  4748  valves  covering  an  area  of  3675  acres.  The 
S3r8tem  has  received  during  its  ten  years'  life  most  trying  tests. 
Each  year  it  has  had  the  pressure  raised  from  say  35  poimds  to 
from  125  to  250  pounds,  an  average  of  over  two  thousand  times 
a  year,  due  to  fire  alarms  within  the  district,  and  for  each  period 
of  twelve  hours  in  duration  during  which  no  fire  alarm  has  soimded 
the  pressure  has  been  raised  for  one-half  hour  to  200  pounds  for 
testing  out.  It  is  hard  to  believe  that  any  other  water  system  in 
the  world  has  gone  through  similar  service  conditions. 

Table  1  gives  in  considerable  detail  the  castings  used,  separated 
by  contracts,  by  size  of  main  and  further  sub-divided  into  full 
lengths  of  pipe  of  each  size,  offsets  and  bends  of  varying  degree  of 
curvature  combined,  3-ways  and  4-ways  and  short  pieces.  The 
short  pieces  were  in  many  cases  manufactured  in  the  short  lengths 
at  the  foundry;  in  other  cases,  they  were  cut  from  full  lengths  of 
pipe  in  the  field.  All  castings  used  in  the  work  except  the  pieces 
cut  in  the  field  were  tested  to  600  pounds  at  the  foundry. 

The  3-ways  and  the  4-ways  were  steel  castings  and  considerable 
trouble  was  experienced  at  certain  of  the  steel  foundries  in  obtaining 
satisfactory  castings.  Two  of  the  foundries,  however,  had  prac- 
tically no  trouble  in  furnishing  castings  up  to  the  specifications,  the 

^  Read  before  the  Richmond  Convention,  May  10,  1917. 
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troubles  of  the  others  being  due  to  lack  of  experience  in  this  class 
of  work. 

TABLE  1 
Pipe  and  specials  in  the  Manhattan  high  pressure  fire  system 


ITKM8 

TOTALS 
ALL  OONTRACTS 

PBR  cmvT 

8  inch  full  lengths 

437 
3,257 

297 
9,533 

3.2 

8  inch  bends  and  offsets 

24.1 

8  inch  3-ways  and  4-ways 

2.2 

8  inch  short  pieces 

70.5 

Total • 

13,524 

100.0 

12  inch  full  lengths 

26,729 
4,937 
2,045 
7,563 

64.8 

12  ?nch  bendfl  and  offsets 

12  0 

12  inch  3-way8,  4-ways 

4  9 

12  inch  short  pieces 

18  3 

Total 

41,274 

100.0 

16  inch  full  lengths 

9,561 

1,515 

894 

2,783 

64  8 

16  inch  bends  and  offsets 

10.3 

16  inch  3-wavs.  4-wav8 

6.0 

16  inch  short  pieces 

18.9 

Total 

14,753 

100.0 

20  inch  full  lenirths 

3,894 
703 
417 

1,233 

62.3 

20  inch  bends  and  offsets 

11.3 

20  inch  3-way8,  4-ways 

6.7 

20  inch  short  pieces 

19.7 

Total 

6,247 

100.0 

24  inch  full  lengths 

3,513 
422 
626 
838 

65.1 

24  inch  bends  and  offsets 

7.8 

24  inch  3-ways,  4-ways 

11.6 

24  inch  short  pieces 

15.5 

Total 

5,399 

100.0 

AU  sizes: 

Full  lengths 

44,134 
10,834 
4,279 
21,950 
81,197 

54.4 

Bends  and  offsets 

13.3 

3-ways,  4-way8 

5.3 

Short  pieces 

27.0 

Total 

100.0 
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The  mains  were  all  laid  in  the  lower  portion  of  Manhattan  Island, 
where  subsurface  conditions  are  most  congested.  This  subsurface 
congestion  shows  readily  in  the  figures  given  in  the  table  by  the 
large  number  of  bends  and  short  pieces  of  pipe  used,  even  after  the 
city  had  availed  itself  of  its  right  to  order  moved  gas  mains  and 
other  interfering  subsurface  structures. 

After  the  mains  were  laid  they  were  subjected  to  an  acceptance 
test  of  450  pounds  for  a  period  of  ten  minutes  for  the  earlier  con- 

TABLB  2 
Lengths  of  pipe  and  leakage  in  the  Manhattan  high  pressure  fire  system 


1TBM8 

OOMTBACfTS 

OONTKACn 

19-S0-S1-M-28-- 
27-SS-3»<S0 

TOTAL 
ALL  OOMTRACTt 

24  inch  pipe  laid,  linear  feet 

35,662.0 
29,849.8 
47,177.2 
154,466.1 
26,213.9 
860.0 

13,656.6 
26,330.0 
87,673.4 
224,429.0* 
28,760.6 

49,318.6 

66,179.8 

134,850.6 

♦378,895.1 

54,974.5 

860.0 

20  inch  oioe  laid,  linear  feet 

16  inch  oioe  laid,  linear  feet 

12  inch  pipe  laid,  linear  feet 

8  inch  pipe  laid,  linear  feet 

6  inch  pipe  laid,  linear  feet 

Total  pipe  laid,  linear  feet 

294,229.0 

380,849.6 

675,078.6 

Linear  feet  of  pipe  joint 

122,438 
489,850 
2,138.8 

307,741. 
647 
July  1908 
to  No- 
vember 
1909 

160,545 
642,139 

4,762.4 
343,391 
720 
July  1910 
to    De- 
cember 
1914 

282,983 
1,131,989 
2,138.8 
4,762.4 
651,132 
1,367 
July  1908 
to   De- 
cember 
1914 

Allowable  leakage  for  24  hours 

Actual  leakage  for  10  minutes 

Actual  leakage  for  20  minutes 

Actual  leakage  for  24  hours 

Total  number  of  tests 

Date  put  in  service 

*  Includes  150  feet  of  wrought  iron  pipe. 

tracts  and  for  twenty  minutes  for  the  later  ones,  the  leakage  being 
measured  and  for  acceptance  had  to  come  within  the  limit  of  4 
gallons  per  linear  foot  of  pipe  joint  per  twenty-four  hours.  The 
results  of  these  tests  are  shown  in  table  2,  which  gives,  separated 
into  the  same  contracts,  the  linear  feet  of  pipe  laid  of  each  size,  the 
total  linear  feet  of  pipe  joint,  the  allowable  leakage,  based  on  the 
specifications  of  4  gallons  i>er  linear  foot  of  joint  per  twenty-four 
hours,  the  actual  leakage  for  the  test  period  and  reduced  to  the 
twenty-four  hour  basis. 
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In  testing,  the  test  sections  were  in  all  cases  between  valves  and 
doubtless  a  portion  of  the  loss  was  due  to  water  passing  the  valves 
limiting  the  section  under  test. 

From  the  total  column  of  table  2  it  will  be  seen  that  the  mains 
were  limited  in  the  acceptance  test  of  450  pounds  per  square  inch 
to  a  leakage  at  the  rate  of  about  800  gallons  per  minute  for  the  entire 
128  miles.  The  actual  gross  leakage  of  all  the  tests  was  452  gallons 
per  minute.  Today  there  is  a  leakage,  as  shown  on  the  Venturi 
meters,  of  950  gallons  per  minute  at  an  average  pressure  of  33 
pounds,  or  nearly  double  the  amount  of  leakage  at  450  pounds 
pressure  at  the  tests  from  ten  to  four  years  ago. 

Investigations  have  been  made  to  locate  the  leaks,  but  due  to 
lack  of  force  the  work  has  not  been  systematically  carried  on.  How- 
ever, due  to  the  wide  range  in  pressures,  property  owners  have 
themselves  reported  ei^t  connections  which  had  been  placed 
evidently  by  mistake.  There  may  be  others  not  placed  by  mistake 
in  which  advantage  is  taken  of  the  higher  pressures  available  at 
tunes  to  fill  tanks.  The  occasional  erratic  movement  of  the  pen  in 
the  Venturi  chart  may  be  an  indication  of  this. 

The  author  had  until  recently  a  very  firm  belief  that  the  leakage 
was  past  the  main  valve  of  the  hydrants  and  was  carried  off  to  the 
sewer  through  the  drain  pipe  connecting  the  drip  and  sewer.  This 
belief  has  been  shattered  by  an  aquaphone  test  of  each  hydrant 
made  by  a  most  careful  and  competent  inspector  who  covered  every 
one  of  the  2728  hydrants  and  found  but  51  (1.9  per  cent)  on  which 
any  sound  could  be  detected  indicating  leakage  whicd  could  not 
be  stopped  by  tightening  the  valves. 

Of  course,  it  might  be  said  that  a  certain  number  of  hydrants 
might  be  not  tightly  closed  at  all  times  in  such  a  large  number,  but 
the  system  of  maintenance  is  such  that  each  hydrant  is  examined 
and  repaired  if  necessary  immediately  after  going  out  of  service  at 
a  fire  by  an  experienced  machinist  who  reports  to  a  follow-up  S3r8tem 
that  the  hydrant  has  been  examined  by  him  and  left  in  good  con- 
dition. The  firemen,  after  an  alarm,  are  the  only  users  of  the  hy- 
drants. Should  any  one  else  open  a  hydrant  it  is  immediately 
known  by  an  alarm  bell  operated  by  the  Venturi  meter  recorder 
on  the  priming  line. 

During  the  past  six  years  many  miles  of  streets  have  been  opened 
for  the  construction  of  the  rapid  transit  subwa3rs,  exposing  over 
54,000  linear  feet  of  the  high-pressure  mains.    No  leakage  has  been 
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found  in  the  joints  except  an  occasional  sweat  and  from  this  evidence 
the  Bureau  of  Water  Supply  is  inclined  to  believe  that  the  loss  of 
water  is  not  at  the  joints. 

Fig.  1  gives  the  result  of  a  test  under  varying  pressure  made  on 
December  8,  1916.  Attention  is  called  to  the  almost  straight  line 
of  the  upper  portion  of  the  curve,  which  seems  to  indicate  that  the 
leakage  is  not  from  fixed  openings,  from  which  a  leakage  varying  as 
the  square  of  the  pressiu-e  should  be  expected. 

It  may  be  that  the  symmetrical  results  obtained  and  shown  on  the 
curve  are  but  accidental;  that  as  the  pressure  increased  the  main 
valves  of  the  hydrants,  which  clo^e  under  pressure,  closed  more 
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tightly,  reducing  the  leakage  in  the  hydrant;  that  at  the  same  time 
stuffing  boxes  in  valves  which  are  tight  under  low  pressure  might 
leak  under  the  higher;  that  cracks  in  the  pipe  or  steel  casting  not 
open  imder  low  pressure  open  under  the  higher. 

Owing  to  a  report  of  water  coming  in  through  the  walls  of  a  large 
sewer,  there  was  located  a  split  pipe  which  reduced  the  leakage 
under  35  pounds  pressure  by  over  100  gallons  a  minute.  This  leak 
may  have  been  of  long  duration,  as  at  the  time  of  starting  excava- 
tions no  indication  existed  at  the  street  surface. 

The  author  presents  the  above  facts  for  the  purpose  of  discussion 
and  not  as  showing  any  definite  conclusion  as  to  leakage. 
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WATER   SUPPLY   STANDARDS   AND   THEIR 
IMPROVEMENT^ 

By  William  J.  Orchard 

Water  supply  standards  may  be  divided  into  two  classes: 

1.  Technical  standards. 

2.  Non-technical  standards. 

Technical  standards  may  again  be  divided  into  two  classes: 

1.  OflScial  standards;  formed  by  the  promulgation  of  laws  and 
regulations. 

2.  Unofficial  standards,  which  may  be  defined  as  those  based  on 
experience  or  current  practice. 

A  r^sum^  of  l^islation  and  the  regulations  of  supervising  health 
bodies  indicates  that  the  only  definite  technical  standard  that  has 
been  promulgated  officially  is  that  of  the  Secretary  of  Treasury, 
under  date  of  October  21,  1914,  being  bacteriological  standard  of 
purity  for  drinking  water  supplied  to  the  public  by  common  carriers 
in  interstate  commerce. 

From  information  available,  it  would  appear  that  none  of  the 
State  Health  Departments  has  officially  promulgated  standards  of 
purity,  either  bacteriologically  or  chemically.  In  many  states, 
legislation  exists  prohibiting  pollution  of  public  water  supplies  or 
the  sources  from  which  they  are  obtained.  A  few  of  the  State 
Health  Departments  recognize  the  standards  of  the  Treasury  De- 
partment and  aim  to  have  all  water  supplies  conform  to  these  limits. 
Other  State  Departments  of  Health  have  unofficial  standards  which 
are  used  as  a  means  of  guidance  in  interpretation  of  water  analyses, 
most  of  these  being  bacteriological  standards  only. 

Reports  received  from  31  State  Health  Departments  indicate  that 
13  states  have  laws  protecting  water  supplies,  but  have  not  adopted 
any  minimmn  chemical  or  bacteriological  standards.  Two  states 
have  laws  protecting  water  supplies  and  have  imofficially  adopted 
United  Sates  Treasury  standards.    Nine  states  have  laws  protect- 

^  Read  before  the  Richmond  Conyention,  Chemical  and  Bacteriological 
Section,  May  10,  1017. 
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ing  water  supplies  and  have  adopted  tentative  unofficial  standards, 
while  eight  states  have  neither  laws  nor  standards. 

Unofficial  or  tentative  standards  that  have  been  adopted  by  some 
of  the  State  Departments  of  Health  are  of  interest.  A  few  examples 
are  enumerated: 

Minnesota.  The  Minnesota  State  Board  of  Health  has  not  set 
any  arbitrary  standard  for  the  purity  of  water.  In  interpretation 
of  results,  a  water  is  not  considered  to  be  of  good  sanitary  quality 
unless  the  bacteriological  count  for  four  da3rs  at  20^C.  is  less  than 
100  per  cubic  centimeter,  and  B.  coli  absent  in  100  cc.  samples. 
This  standard  is  subject  to  qualification  under  certain  conditions. 
The  Minnesota  State  Board  of  Health  will  not  report  on  any  water 
supply  imless  a  thorough  field  investigation  has  been  undertaken 
and  unless  samples  have  been  collected  by  its  own  representatives. 
This  phase  of  the  situation  is  presented  in  a  paper  by  H.  A.  Whit- 
taker,  Director  of  the  Division  of  Sanitation  of  the  Minnesota 
State  Board  of  Health,  entitled  '*  Fallacies  in  the  investigation  of 
Water  Supplies,"  which  was  presented  before  the  engineering  sec- 
tion of  the  American  Public  Health  Association  in  October  last. 

Alabama.  The  Alabama  State  Board  of  Health  recognizes  the 
standards  adopted  by  the  Treasury  Department,  allowing,  however, 
a  bacteriological  coimt  of  300  per  cubic  centimeter  after  twenty- 
four  hours  incubation  at  37**C. 

Virginia.  The  State  Board  of  Health  of  Virginia  has  not  adopted 
any  standards  and  in  an  interpretation  of  analyses  is  largely  gov- 
erned by  the  particular  conditions  surrounding  the  source  of  supply, 
and  even  though  a  water  derived  from  a  protected  watershed  on 
which  there  is  no  habitation  might  show  coli  in  1  cc.  and  10  cc. 
samples,  unless  human  contamination  could  be  shown,  the  water 
supply  might  be  considered  as  good.  For  the  information  of  local 
authorities,  however,  the  Virginia  State  Board  of  Health  indicates 
on  its  standard  report  forms,  the  significance  of  bacteriological 
counts  and  B.  coli  interpretations,  differentiating  between  bad, 
suspicious  or  good  supplies,  as  follows: 

Where  colon  bacilli  are  found  in  quantities  of  1  cc.  of  water,  the  sample  is 
dangerous,  and  is  reported  bad,  regardless  of  the  number  of  other  bacteria 
found  in  the  sample. 

Where  colon  bacilli  are  found  in  10  cc.  or  20  oc.  of  water,  and  the  number  of 
other  bacteria  is  large,  the  sample  is  regarded  as  dangerous,  and  is  reported 
bad. 
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Where  colon  bacilli  are  found  in  10  cc.  or  20  co.  of  water,  and  the  number  of 
other  bacteria  is  small  (less  than  500  per  cubic  centimeter)  the  specimen  is 
classed  as  suspicious. 

Where  colon  bacilli  are  not  found  in  samples;  and,  where  bacteria  are  lees 
than  600  per  cubic  centimeter,  the  sample  is  reported  good. 

Maryland.  The  State  Department  of  Health  of  Maryland  has 
not  established  any  standards  or  limits  on  the  quality  of  public 
water  supplies,  but  certain  standards  have  been  recommended  for 
filtration  plants.  These  standards  are  ^uite  novel  and  are  based 
on  a  coefficient  of  efficiency,  which  is  defined  as  ''the  ratio  of  the 
logarithm  of  raw  water  count  at  20^C.  to  the  logarithm  of  the  plant 
effluent  count."  For  the  removal  of  colon,  the  standards  are  based 
on  a  so-called  ''standard  hygienic  efficiency/'  which  is  defined  as 
"the  sum  of  the  percentages  obtained  by  allowing  a  value  of  20 
per  cent  to  each  successive  step  in  the  colon  removal.''  These  stand- 
ards are  discussed  in  detail  in  a  paper  by  Wolman,  published  in  the 
American  Journal  of  Pvblic  Heaith,  November,  1916. 

Montana.  The  Montana  Department  of  Health  has  adopted 
tentative  chemical  standards  for  the  hygienic  purity  of  waters, 
applicable  to  restricted  areas  in  the  state,  and,  as  a  rule,  only  sup- 
pUes  that  show  no  B.  coli  in  10  cc.  are  reconunended  for  public 
consumption. 

California.  The  California  Bureau  of  Sanitary  Engineering  con- 
siders a  supply  in  which  B.  coU  can  not  be  confirmed  in  10  cc,  by 
the  latest  laboratory  methods,  as  being  safe.  The  occasional  occxu-- 
renoe  of  B.  coU  in  the  same  quantity  is  not  considered  seriously, 
but  their  presence  in  10  cc.  continuously,  or  in  less  than  that  amount 
occasionally,  is  not  considered  favorably.  Condemnation  is  usually 
reserved  for  a  field  inspection  to  determine  if  possible  what  portion 
of  the  B.  coli  are  of  human  origin. 

Iowa.  Iowa  presents  the  interesting  situation  where  chemical 
standards  adopted  for  the  waters  of  the  state  several  years  ago  have 
been  abandoned,  following  the  collection  of  information  showing 
their  inadequacy. 

A  r^sum^  of  reports  received  from  over  30  State  Health  Depart- 
ments shows  the  varied  interpretations  placed  on  bacteriological 
analyses,  and  the  relative  importance  given  to  sanitary  survey  of 
watersheds  in  conjimction  with  analyses. 

If  the  standards  of  the  United  States  Treasury  Department  must 
apply  to  all  water  suppUes  used  in  interstate  traffic,  and,  if  as  experi- 
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ence  has  clearly  shown,  supplies  used  by  railroads  can  conform 
to  Treasury  standards,  the  interesting  contention  is  presented 
that  all  public  water  suppUes  should  conform  at  least  to  this 
standard. 

If  all  supplies  do  not  measure  up  to  this  standard,  the  regulation 
works  an  injustice  on  a  few  supplies,  and  does  not  accomplish  a 
general  improvement  in  the  water  supplies  of  the  country,  as  might 
otherwise  be  the  case. 

If  there  are  two  townS)  located  one  on  either  side  of  the  state 
boimdary,  designated  as  A  and  B,  A  being  a  watering  place  for 
railroad  equipment  and  B  being  a  way-station,  according  to  existing 
l^^lation,  the  supply  of  A  must  conform  to  the  Treasury  standard, 
and  the  supply  of  B  can  be  an3rthing  that  the  state  and  local  officiate 
will  permit.  To  make  the  water  supply  of  A  conform  to  the  stand- 
ards has,  in  all  probability,  placed  a  burden  either  on  the  water 
company  or  the  tax  payers  of  the  municipality,  and  has  correspond- 
ingly improved  the  welfare  of  the  town.  Is  it  equitable  to  require 
A  to  go  to  this  expense  and  not  to  impose  a  similar  obligation  on 
B?  On  the  other  hand,  in  justice  to  the  consumers  at  B,  should 
they  not  be  afforded  the  same  protection  as  those  at  A? 

It  is  appreciated  that  in  suggesting  the  feasibility  of  adopting 
tentative  minimum  bacteriological  standards,  the  principal  objec- 
tion to  such  procedure  is  the  inability  properly  to  consider  the  sani- 
tary surroundings  of  the  source  of  the  water. 

The  abimdant  good  that  has  been  accomplished  on  a  relatively 
few  supplies,  following  the  establishment  of  Treasury  standards, 
however,  would  indicate  that  a  considerably  greater  number  of 
supplies  could  be  improved,  should  minimum  standards  be  pro- 
mulgated for  all  of  them. 

Whether  or  not  we  are  governed  by  arbitrary  or  tentative  stand- 
ards, more  or  less  definitely  fixed,  those  who  in  the  course  of  their 
work  are  called  upon  to  interpret  large  numbers  of  bacteriological 
analyses,  unquestionably  are  governed  by  standards  that  they 
have  set,  upon  which  the  interpretation  is  based,  and  this  inter- 
pretation is  made,  first,  without  reference  to  a  sanitary  survey; 
and,  second,  in  conjimction  with  a  sanitary  survey  to  determine,  if 
possible,  the  sources  of  any  apparent  pollution.  But  these  person- 
ally established  water  standards  vary  with  the  indvidual's  inter- 
pretation of  the  analyses. 

A  water  showing  coli  in  0.1  cc.  regularly  will  unquestionably  be 
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condemned,  as  will  also,  without  doubt,  a  supply  usually  showing 
coll  in  1  cc. 

A  water  showing  coli  frequently  in  5  cc,  and  occasionally  in  1  cc, 
will  very  likely  be  rejected  by  most  sanitarians,  although  the  fre- 
quency with  which  such  supplies  are  fUmished  to  consiuners,  with- 
out rigorous  steps  being  taken  to  improve  the  quality,  is  surprising. 

When  we  reach  a  water,  however,  with  coli  present  frequently 
in  10  cc  quantities,  and  occasionally  in  smaller  amounts,  the  inter- 
pretation of  the  analysis  lies  very  largely  with  the  individual,  and 
the  supply  may  be  rejected  or  passed  in  accordance  with  the  indi- 
vidual's standards. 

Although  the  difficulties  of  arbitrarily  establishing  any  minimum 
bacteriologcal  standard  are  appreciated  fully,  it  would  tend  greatly 
to  improve  the  quality  of  a  great  number  of  suppUes,  if  minimum 
standards,  adopted  after  careful  investigation,  were  to  be  officially 
promulgated  by  this  Association.  Should  such  standards  be  avail- 
able for  water  companies,  commissioners  and  consimiers,  a  definite 
object  would  be  established,  and  the  best  results  in  any  Une  of 
endeavor  are  secured  only  when  a  definite  objective  is  in  view.  On 
the  other  hand,  should  such  minimum  standards  be  established, 
being  intelligently  drawn  and  formed  only  after  due  consideration 
of  geographical  conditions,  they  would  imquestionably  aid  the 
supervising  health  officials  in  dealing  with  the  recalcitrant  water 
vendor,  for  the  state  simitary  engineer  would  have  a  definite  objec- 
tive that  he  could  order  the  vendor  to  reach. 

Although  the  United  States  Treasury  standards  are  high  as  com- 
pared with  many  water  suppUes  in  this  country,  and  although  a 
large  number  of  waters  of  our  bigger  and  better  knbwn  cities  will 
not  at  all  times  conf6rm  to  the  Treasury  standards,  they  are  not 
high  as  compared  with  the  standards  existing  in  European  countries 
and  Great  Britain. 

It  was  expected  that  a  considerable  fimd  of  authenticated  infor- 
mation would  be  available  to  incorporate  in  this  paper  to  cover 
standards  prevailing  in  these  coimtries,  and  the  limits  of  bacter- 
iological content  that  are  considered  good  practice.  Presumably, 
this  information  has  been  lost  in  transit  and  will  have  to  be  incor- 
porated subsequently.  Many  English  water  works  men,  however, 
contend  that  thfe  total  bacteriological  content  after  twenty-four 
hours  incubation  at  37**C.  should  not  be  more  than  50  per  cubic- 
centimeter,  and  that  colon  should  be  absent  in  100  cc  quantitites 
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after  seventy-two  hours  incubation  at  37**C.  and  some  even  go  as 
far  as  to  aim  to  have  colon  absent  in  200  cc.  after  seventy-two  hours 
incubation  at  37**C.  An  examination  of  the  Twelfth  Research 
Report  of  the  Metropolitan  Water  Board,  of  London,  would  indi- 
cate that  the  settled,  stored  and  treated  waters  of  various  supplies 
before  filtration  were  comparable  bacteriologically  with  some  of 
our  American  water  supplies  as  deUvered  to  the  consumer. 

In  advocating  the  adoption  of  minimum  bacteriological  standards 
of  water,  the  object  in  view  would  be  to  improve  the  poorer  supplies 
and  to  establish  a  guide  by  which  a  non-technical  water-works  man 
could  appraise  his  supply,  to  establish  standards  not  so  much  as  an 
arbitrary  means  of  appraisal  as  an  incentive  to  secure  better  water 
supplies.  It  is  therefore  suggested  that  consideration  be  given  to 
the  appointment  of  a  sub-committee  to  determine  the  practicabiUty 
of  adopting  standards  similar  to  the  United  States  Treasury  stand- 
ards for  all  water  works,  whether  they  be  used  for  inter-state  traffic, 
or  not. 

NON-TECHNICAL  STANDARDS 

Technical  standards  are  easily  explained  in  scientific  terms  intel- 
ligible to  those  familiar  with  their  use.  Non-technical  standards 
are  more  difficult  to  explain  but  may  be  defined  as  the  attitude  of 
the  non-technical  man  toward  a  water  used  for  domestic  purposes. 
These  may  well  be  divided  into  two  classes: 

1.  The  standards  of  the  non-technical  water  works  man. 

2.  The  standards  of  the  consumer. 

It  must  be  realized  that  there  is  a  large  number  of  water  works 
men  in  this  country,  not  members  of  this  Association,  who  do  not 
know  to  any  extent  the  necessity  of  a  pure  water  supply,  and  to 
whom  the  colon  bacillus  and  bacterial  flora  in  general  are  unknown. 
Fortunately,  the  number  of  water  works  in  charge  of  this  type  of 
man  is  fast  diminishing.  The  only  reason  that  so  many  non-tech- 
nical water  works  men  are  entirely  unfamiliar  with  the  need  of 
safe  water,  and  the  care  and  vigilance  that  must  be  used  to  secure 
a  safe  supply,  is  that  they  do  not  know  the  fimdamental  reasons  for 
a  safe  supply.    Two  instances  are  worthy  of  mention: 

A  certain  surface  water  supply  in  New  England,  upon  investiga- 
tion following  a  typhoid  epidemic,  was  almost  definitely  foimd  to 
have  been  polluted  by  a  typhoid-carrier  hunter.  The  State  Board 
of  Health  representative,  sent  to  install  a  temporary  treatment 
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plant,  was  ordered  out  of  the  pumping  station  by  the  water  com- 
nussioners  who  waited  on  him  in  a  body,  to  inform  the  Board  of 
Health  man  that  they  were  running  that  water  works;  that  the 
water  supply  suited  them;  and,  State  Board  of  Health  or  no  State 
Board  of  Health,  he  could  not  install  the  treatment  plant,  and  the 
only  thing  he  could  do  was  to  get  out,  which,  having  no  authority 
under  the  law,  he  did. 

The  second  instance  is  that  of  a  water  works  superintendent  of  a 
small  mimicipality  which  was  required  by  the  State  Health  Depart- 
ment to  install  a  treatment  plant.  Upon  the  arrival  of  the  repre- 
sentative of  the  company  furnishing  the  purification  apparatus, 
tte  superintendent  roundly  abused  the  State  Board  of  Health  officials, 
ridiculed  the  necessity  for  treatment,  in  spite  of  the  prevailing  epi- 
demic, and  informed  the  representative  that  he  was  not  going  to 
permit  the  State  Board  of  Health  to  install  any  more  contraptions 
that  would  mean  more  work  for  him;  and  that  although  he  would 
treat  the  water  while  the  State  Board  of  Health  man  was  around, 
he  would  pay  absolutely  no  attention  to  the  equipment  at  other  times. 
Subsequent  experience  has  indicated  only  too  well  that  he  carried 
out  this  threat. 

Such  attitudes  on  the  part  of  non-technical  water  works  men  are 
only  too  familiar  to  those  whose  work  has  as  its  foimdation  the 
improvement  of  water  supplies  in  general,  and  it  can  be  combated 
only  by  a  most  aggressive  educational  campaign,  which  properly 
should  be  supervised  by  this  Association. 

C!ontrast  with  this  attitude  that  of  the  progressive  private  water 
company  or  the  water  department  conducted  by  a  technical  man, 
or  by  individuals  who  realize  the  vital  importance  of  their  work. 
The  large  progressive  water  companies  or  departments  take  every 
possible  means  at  all  times  to  improve  their  water  supplies;  to  raise 
the  standards  by  which  they  are  appraised  and  by  which  the  con- 
simiers  are  influenced.  Such  water  companies,  by  taking  the  con- 
sumers frankly  into  their  confidence,  place  themselves  on  such  a 
firm  foundation  as  to  be  able  to  withstand  whatever  adverse  criti- 
cism may  be  directed  against  them. 

The  experience  of  the  Indianapolis  Water  Company,  of  Indian- 
apolis, Ind.,  which  has  taken  its  patrons  into  its  confidence  in  regard 
to  the  treatment  of  its  water  supply  and  has  established  a  reputa- 
tion in  Indiana  of  furnishing  absolutely  safe  water  under  all  con- 
ditions, is  worthy  of  note.    This  confidence  has  carried  the  water 
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company  without  criticism  through  two  severe  epidemics  and  has 
been  invaluable  in  the  matter  of  dollars  and  cents  as  well  as  good 
will.  A'  similar  attitude  on  the  part  of  other  water  companies  has 
had  a  comparable  result.  Is  it  not  incumbent  upon  this  organiza- 
tion to  endeavor  to  create  a  similar  attitude  on  the  part  of  every 
water  vendor? 

The  water  standard  set  by  the  consumer  is  for  the  most  part  one 
of  appearance.  If  a  water  is  not  turbid  or  colored,  he  is  usually 
satisfied.  Unless  his  immediate  family  has  been  vitally  touched 
by  the  effects  of  an  impure  water  supply,  he  is  not  solicitious  about 
the  quality  of  the  supply.  This  matter  was  discussed  at  length  by 
Johnson  in  his  paper,  "The  Typhoid  Toll,"  presented  before  this 
Association,  and  was  amplified  in  the  printed  discussion  of  that 
paper. 

The  consimier  is,  however,  inextricably  connected  with  the  estab- 
lishment of  higher  standards  for  a  water  supply.  To  obtain  better 
water  supplies,  money  is  needed  and  a  considerable  quantity  of  it. 
A  water  company  cannot  improve  its  supply  without  incurring  ex- 
pense, which  should  bring  return  in  the  shape  of  increased  rates, 
and  increased  rates  can  only  be  obtained  with  the  partial  consent,  at 
least,  of  the  consumer.  Similarly,  municipal  supplies,  if  improved, 
increase  the  tax  rate,  and  here  again  the  consumer  is  the  court  of 
last  resort. 

The  complacent  and  erroneous  impressions  that  many  water  con- 
sumers have  in  reference  to  their  supplies  must  be  eliminated  by 
careful,  painstaking  publicity  and  education.  In  discussing  water 
supplies  of  various  communities  with  non-technical  men  and  water 
consumers,  one  is  frequently  advised  that  the  water  supply  is  the 
purest  in  the  country;  that  it  is  99.9  per  cent  pure;  or,  that  it  is  well 
water  that  never  sees  the  light  of  day  and  is  absolutely  safe.  The 
individual  cannot  be  blamed  for  resting  secure  in  these  assertions, 
for  he  does  not  know  better. 

Most  of  those  present  at  this  meeting,  in  going  into  a  strange  city 
or  town,  do  not  drink  the  water  furnished  until  the  nature  of  the 
supply  has  been  ascertained.  Many  of  us  abstain  from  drinking 
water  when  on  road  trips,  even  in  territories  where  other  liquid  re- 
freshments are  not  easily  obtained,  simply  because  we  appreciate 
the  pollution  that  a  water  may  carry  and  the  danger  that  may  lurk 
in  a  tmnblerful.  The  average  consumer,  however,  seldom  gives  this 
matter  a  thought,  because  his  training  has  not  taught  him  to  do  so. 
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Should  this  Association  be  instrumental  in  making  the  water  con- 
sumer stop  before  he  draws  a  tumblerful  of  water  from  the  spigot 
and  inquire  as  to  the  purity  of  that  supply  before  he  drinks  the  water, 
it  would  have  a  tremendous  efifect  on  the  improvement  of  water 
supplies. 

A  more  complete  and  masterful  presentation  of  the  value  of  pure 
water  than  that  contained  in  Johnson's  paper,  "The  TyphoidToU,"  was 
probably  never  presented  before  any  Association.  In  it,  the  author 
says  that  more  people  are  killed  every  year  by  typhoid  fever  than 
by  railroads.  The  water  consumer  will  stop  and  look  before  he 
crosses  a  railroad  track,  we  must  make  him  stop  and  think  before  he 
drinks  a  glass  of  water.  Mr.  Johnson  has  shown  that  a  pure  water 
supply  is  a  good  dollars  and  cents  business  proposition;  why  not 
treat  it  as  such?  Why  not  pattern  our  conduct  as  a  water  works 
association  after  that  of  a  successful  business  organization?  Are  we 
not  at  all  of  us,  water  works  superintendents,  engineers,  chemists, 
bacteriologists,  manufacturers,  or  what  not,  offering  our  services 
and  our  product,  water,  to  our  final  customer,  the  consumer?  Being 
honorable  men,  we  want  to  give  him  the  best  that  he  will  pay  for,  and 
he  will  only  pay  for  the  best  when  he  is  educated  to  its  need.  With 
the  consumer  educated  and  demanding  the  best  in  water  supplies, 
there  will  be  no  further  danger  from  the  non-technical,  disinterested, 
or  slovenly  water  works  vendor,  for  he  will  not  be  permitted  to  do 
business. 

Looking  at  this  matter,  then,  as  a  business  proposition,  seeking 
to  find  a  market  for  a  water  supply  of  higher  standards  than  most 
of  those  at  present  fiumished,  should  it  not  be  approached  in  the  same 
manner  as  any  successful  business  campaign?  Given  a  good  prod- 
uct for  which  there  is  a  market,  the  success  of  any  business  de- 
pends on  bringing  the  product  to  the  attention  of  those  using  it, 
and  that  can  only  be  done  by  advertising  and  publicity.  Why  not 
have  this  Association  act  as  an  advertising  or  pubUcity  medium 
to  obtain  higher  standards  on  the  part  of  the  technical  and  non- 
technical water  works  man  and  also  the  consumer?  Begin  with  the 
consumer;  advertise  to  him  the  value  of  better  water  so  that  he  will 
demand  the  best,  and  be  willing  to  pay  for  it.    Then,  he  will  get  it. 

The  efforts  toward  improvement  made  by  vendors  of  water  used 
in  interstate  commerce,  which  could  not  be  certified  imder  Treasury 
ruling,  are  significant  of  what  can  be  done  under  compulsion.  How 
much  more  could  be  accomplished  if  the  consumer  was  the  compelling 
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force  all  over  the  country?  We  are  all  familiar  with  the  progress 
made  in  campaigns  to  secm^  better  housing,  better  factory  condi- 
tions, better  environment  for  employees,  and  protection  from  occu- 
pational diseases?  We  are  also  familiar  with  thjs  tremendous  strides 
in  the  anti-tuberculosis  campaign,  and  the  many  exhibits  used  to 
educate  the  public  along  these  lines.  Many  State  Health  Depart- 
ments have  traveling  exhibits  in  charge  of  medical  or  technical  men, 
which  tour  their  states  to  give  the  public  visible  evidences  of  the 
results  obtained  from  money  they  have  expended. 

Are  we  not  lacking  in  the  fulfillment  of  the  highest  objective  of 
this  Association  imless  we  endeavor  by  every  means  at  our  disposal 
to  educate  the  general  public  as  to  the  value  of  pure  water?  Are 
we  not  stulifying  the  influence  of  Johnson's  paper  if  we  confine  it, 
for  the  most  part,  to  the  technical  water  works  man?  Should  we 
not  see  to  it  that  its  contents  are  advertised  broadcast  as  a  good 
business  proposition? 

Let  us  suppose  that  graphic  illustrations  of  the  value  of  pure 
water  were  to  be  incorporated  in  every  public  health  exhibit  in  the 
country;  were  to  be  made  part  of  traveling  exhibitions;  to  be  in- 
corporated by  the  Boards  of  Education  in  instructions  given  in  school 
rooms,  and  disseminated  by  every  educational  medium.  It  would 
not  be  long  before  the  demand  for  better  water  would  be  so  insistent 
as  to  cover  the  entire  country. 

And,  with  the  objective  of  creating  this  demand  on  the  part  of 
the  consumer,  and  thus  offsetting  the  deleterious  influence  of  the 
careless  water  vendor  (and  to  support  the  technical  water  works 
man  in  the  promulgation  of  higher  standards  of  water  supplies)  this 
suggestion  is  offered:  that  this  Association  appoint  a  committee  to 
consider  the  feasibility  of  a  joint  board  to  consist  of  four  members, 
one  each  appointed  by  the  Presidents  of  the  American  Water  Works 
Association,  the  New  England  Water  Works  Association,  the  Ameri- 
can Public  Health  Association,  and  the  Water  Works  Manufacturers 
Association,  these  four  men  to  appoint  a  publicity  or  press  agent, 
who  might  well  be  one  of  the  Secretaries  or  Editors  of  those  Asso- 
ciations, whose  sole  duty  would  be  to  spread  the  propaganda  of 
better  water  supplies.  There  are  many  problems  presented;  the 
cost  of  broadcast  publicity  at  first  would  be  prohibitive,  but  in- 
tensive advertising  campaigns  could  easily  be  conducted  in  certain 
localities. 

Sub-committees  could  be  appointed  to  confer  with  various  State 
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Departments  of  Health,  covering  publicity  in  their  territory.  Other 
sub-committees  could  be  appointed  in  some  states,  if  necessary,  to 
endeavor  to  secure  legislative  enactment  to  protect  water  supplies, 
and  create  an  interest  in  the  subject.  Arrangements  could  be  make 
with  some  of  the  larger  private  water  companies  to  advertise  steps 
they  have  taken  to  protect  their  supplies  along  the  lines  previously 
mentioned  as  having  been  undertaken  by  the  Indianapolis  Water 
Company.  Other  sub-committees  could  make  arrangements  with 
the  boards  of  education,  libraries,  and  exhibits. 

This  is  a  tremendous  undertaking,  but  unquestionably  it  is  worth 
while.  It  is  a  campaign  which  would  take  years  to  properly  cover 
the  country,  and  it  is  not  to  be  expected  that  the  tangible  results 
would  be  immediate.  That  the  end  to  be  accomplished  is  a  good 
one  is  beyond  dispute,  and  in  aiding  to  spread  the  gospel  of  pure 
water,  this  Association  will  fulfill  its  highest  fimction. 

DISCUSSION 

F.  W.  Green:  At  Little  Falls,  N.  J.,  the  water  has  an  average 
bacteriological  content  of  2  bacteria  per  cubic  centimeter  and  at  the 
same  time  a  B.  coli  index  of  0.03;  this  means  about  3  B.  coli  per  100 
cc.  The  company  considers  the  water  not  only  the  best  in  its  section 
but  one  of  the  best  in  the  coimtry.  In  Paterson,  a  city  of  125,000 
population,  the  typhoid  rate  is  9  per  100,000,  which  is  about  the 
lowest  in  the  country  for  a  city  of  its  size,  and  practically  the  same 
rate  obtains  in  the  other  municipalities  served. 

It  is  not  possible  to  make  a  standard  that  will  cover  all  cases. 
There  are  many  places  where  water  is  filtered  and  the  supply  un- 
doubtedly contains  B.  coli,  yet  that  supply  is  perfectly  safe.  There 
are  a  number  of  large  cities  where  the  supply,  taken  from  surface 
streams,  is  such  that  it  is  difficult  to  determine  the  exact  amount  of 
sterilization  necessary  to  eliminate  the  coli.  To  remove  the  last 
innocent  B.  coli,  which  is  not  a  sign  of  harmful  pollution  but  only 
indicative  of  a  possible  danger,  it  is  necessary  to  dose  in  more  chemi- 
cals to  increase  the  sterilization,  and  that  causes  complaint  of  tastes 
and  odors  besides  incurring  more  expense. 

Chester  G.  Wigley:  The  paper  brings  out  a  point,  quite  clear 
to  any  one  supervising  different  water  supplies,  that  the  standards 
used  by  different  departments  vary  very  considerably.    This  is 
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possibly  because  the  bacteriology  of  water  supplies  has  not  yet 
reached  an  absolutely  definite  position.  The  tendencies  are  toward 
refinements  of  the  present  procedures,  and  until  those  refinements 
have  been  worked  out  it  is  a  rather  difficult  proposition  to  establish 
any  definite  standards.  The  standards  of  the  Public  Health  Service 
have  been  of  considerable  value  to  those  in  charge  of  the  water  sup- 
plies of  cities  and  states  on  account  of  their  influence  toward  the 
betterment  of  supplies. 

The  subject  of  railway  water  supplies  is  probably  in  a  somewhat 
different  category  from  that  of  the  municipalities.  A  railway  picks 
up  its  supply  at  some  point  along  its  line,  and  it  is  often  not  a  very 
severe  task  for  it  to  substitute  an  unquestioned  source  of  supply  for 
one  under  suspicion.  On  the  other  hand,  a  municipality  is  frequently 
tied  up  with  very  heavy  investments  on  its  water  shed,  over  which 
the  most  careful  control  must  be  maintained  at  all  times  to  supply 
a  water  that  is  in  any  degree  safe. 

It  is  a  question  whether  at  present  it  is  prudent  to  establish  any 
standards  except  those  which  experience  has  shown  to  be  absolutely 
necessary.  In  the  last  analysis  the  health  of  a  community  using  a 
certain  water  supply  is  practically  the  only  absolute  measure  of  the 
quaUty of  thatwater.  Intimeamore  definite  standard  will  be  worked 
out,  but  attention  is  called  here  to  a  point  made  by  Professor  Jordan, 
of  the  University  of  Michigan,  in  a  paper  on  the  bacteriological  stand- 
ards for  food  products,  published  in  the  Joumalof  the  American  Medi^ 
cat  Association.  This  point  is  the  danger  of  establishing  standards 
for  food  products  beyond  those  which  it  is  absolutely  certain  are 
indicative  of  the  quality  of  those  products,  his  opinion  being  that 
to  establish  standards  beyond  those  which  bacteriology  had  dem- 
onstrated were  absolutely  necessary  for  safety  might  in  the  end 
lead  to  a  repetition  of  the  experience  of  the  Royal  Commission  on 
Sewage  Disposal  of  England.  That  commission,  establishing  stand- 
ards ahead  of  the  development  of  the  science,  was  under  the  necessity 
later  of  amending  in  some  way  those  early  standards,  the  result 
being  that  the  portion  of  the  public  affected  naturally  lost  a  certain 
amount  of  confidence  in  the  technical  ability  of  those  responsible 
for  the  adoption  of  the  standards. 

The  author  has  advanced  one  very  important  matter  for  consid- 
eration, the  subject  of  publicity.  It  is  a  well  accepted  fact  now  that 
the  greatest  force  that  can  be  used  in  any  public  health  work  is 
publicity,  and  that  matter  should  have  the  earnest  consideration  of 
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this  Section.    It  is  a  large  subject  which  has  not  yet  been  given 
much  thought. 

Edward  Bartow:  The  suggestion  just  made  regarding  publicity 
recalls  a  notice  that  was  printed  for  years  on  the  menu  cards  of  a 
Champaign  hotel:  ''This  water  has  been  analyzed  by  the  chemists 
of  the  University  of  Illinois  and  found  to  be  absolutely  pure."  The 
University  has  made  no  analysis  of  the  water  used  in  that  hotel, 
imless  it  was  a  very  long  time  ago  and  an  ancient  analysis  been  ad- 
vertised for  years  and  years. 

The  paper  suggests  a  joint  committee  representing  four  societies 
to  consider  the  advisability  of  combined  action  in  matters  relating 
to  standards  of  water  supply.  The  paper  mentions  the  American 
Chemical  Society  as  particularly  interested  in  chemical  analytical 
methods  and  standards,  the  Society  of  American  Bacteriologists  and 
the  American  Public  Health  Association  as  interested  in  bacterial 
standards,  and  the  American  Water  Works  Association  as  interested 
in  teaching  the  public  about  the  value  of  good  water.  It  might  be 
well  to  add  the  American  Railway  Association,  which  has  already 
established  standards  for  locomotive  water  suppUes.  The  chemical 
standard  of  water  is  very  important  to  railways  and  many  industries. 

Joseph  Race:  One  of  the  most  important  points  raised  by  the 
author  is  the  United  States  Treasury  or  Public  Health  Service 
standard.  It  ought  to  be  seriously  considered  by  this  Section  because, 
on  account  of  its  application  to  interstate  carriers,  it  practically  sets 
a  minimum  standard  for  the  whole  coimtry.  It  also  seems  inevita- 
ble that,  in  the  absence  of  opposition,  it  will  become  the  standard  for 
the  contiguous  territories  of  Canada  and  Mexico.  In  Canada,  the 
question  of  standards  has  already  arisen  in  connection  with  inter- 
national water  carriers.  The  Washington  authorities  made  regu- 
lations some  months  ago  and  attempted  to  put  them  into  effect 
at  the  opening  of  the  present  season  of  navigation.  At  the  request 
of  the  Canadian  authorities  the  proposed  regulations  were  suspended 
for  twelve  months  so  that  the  two  countries  could  consider  and  adopt 
regulations  that  would  not  conflict. 

Two  points  ought  to  be  considered  in  connection  with  this  stand- 
ard. First,  what  method  is  to  be  used  for  the  determination  of  B. 
coli?  If  the  method  is  to  be  that  of  the  American  PubUc  Health 
Association,  which  apparently  changes  everv  time  the  Association's 
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committee  makes  a  report,  the  result  will  be  chaos  to  water  works. 
Water  works  managers  ought  to  take  more  interest  in  the  standard 
methods  of  analysis  and  insist  upon  less  frequent  changes.  Second, 
what  is  the  minimum  time  that  may  be  permitted  between  the  col- 
lection of  the  samples  and  their  examination?  In  supplies  like 
reservoir  and  filtered  waters  the  bacterial  conditions  may  have 
reached  an  equilibrium  and  but  little  change  will  then  occur  during 
a  further  period  of  storage.  In  waters  that  have  been  treated  with 
chlorine  the  case  may  be  quite  different  and  the  B.  coU  content  may 
be  very  much  less  after  twelve  hours.  It  is  very  desirable  to  adopt 
a  standard  method  of  procedure. 

L.  I.  Bibdsall:  In  regard  to  the  publicity  side  of  water  works 
affairs,  conditions  in  Minneapolis  may  be  mentioned.  The  Depart- 
ment has  been  laboring  for  the  last  four  and  a  half  ye^rs,  ever  since 
the  filtration  plant  was  established,  to  convince  the  people  that  they 
are  being  supplied  with  pure  water.  The  spring  water  people  have 
persistently  said  all  manner  of  mean  things  about  the  municipal 
water  supply,  which  is  taken  from  the  Mississippi  River.  In  its 
campaign  of  publicity  the  Department  started  out  with  an  official 
guide  at  the  filtration  plant  and  since  then  on  an  average  10,000 
persons  have  visited  it  annually.  Then  pamphlets  were  issued 
explaining  the  whole  system,  how  the  water  is  purified,  how  it  is 
proved  to  be  pure,  and  giving  some  of  the  results  of  tests  of  its 
quaUty.  These  pamphlets  are  sent  out  with  the  water  bills  and  one 
reaches  every  consumer.  Another  means  of  publicity  is  the  use  of 
stereoptican  sUdes.  A  number  of  organizations  in  the  city  ask  the 
department  heads  to  talk  to  them  about  water,  which  is  done  gladly 
with  the  help  of  these  lantern  slides.  One  of  them  shows  a  reduction 
in  the  typhoid  fever  cases  in  Minneapolis  from  58  per  100,000  in 
1910  to  4.7  in  1916.  The  results  in  this  pubUcity  work  are  becom- 
ing apparent  and  the  people  of  the  city  are  coming  to  realize  that 
they  are  obtaining  pure  water. 
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CHLORINATION  AND  CHLORAMINE^ 
By  Joseph  Race 

The  studies  reported  in  this  paper  are  a  continuation  of  those 
recorded  in  last  year's  Journal  (vol.  3,  1916, 439-449)  and  consti- 
tute a  partial  attempt  to  place  water  chlorination  on  a  scientific 
basis.  Until  comparatively  recently  the  data  that  we  possessed 
were  a  disconnected  mass  of  empirically  established  facts,  and  it  is  a 
regrettable  feature  that  although  it  is  on  this  continent  that  the  art 
of  chlorination  has  progressed  the  most  rapidly,  it  is  in  Europe, 
under  the  stimulus  of  war,  that  it  is  being  developed  as  a  science. 
As  chlorination  becomes  more  general  it  becomes  increasingly  evi- 
dent that  our  stock  of  information  regarding  the  conditions  that 
tend  to  successful  results  is  very  meagre,  and  that  the  dosage  is 
largely  determined  by  the  trial  and  error  method.  We  are  also 
lamentably  ignorant  as  to  the  reason  why  some  waters  have  but  very 
small  margins  between  the  dose  required  for  satisfactory  purifica- 
tion and  that  which  causes  complaints  as  to  tastes  and  odors,  while 
others  have  much  greater  ones  and  can  easily  absorb  slight  excesses 
of  the  sterilizing  agent.  Complaints  that  arise  in  this  way  are  often 
ascribed  to  auto-suggestion  by  water  works  and  health  officials, 
but  they  are  too  often  based  upon  solid  fact  to  be  disposed  of  in  this 
manner,  and  the  time  and  energy  that  have  been  devoted  to  de- 
luding the  public  might  much  better  have  been  spent  in  improving 
present  methods  and  so  eliminating  the  cause  for  complaints.  Chlo- 
rination is  such  a  cheap  and  simple  process  that  it  is  often  consid- 
ered the  uUima  thule  of  chemical  sterilization,  but  there  is  no  reason 
to  doubt  that  the  present  methods  will  be  modified  and  considerably 
improved.  A  simple  modification  that  has  yielded  good  results 
with  some  waters  will  be  described  later,  but  before  treating  that  in 
detail  a  few  general  factors  will  be  considered.  In  the  last  paper, 
the  author  gave  results  showing  the  effect  of  time,  mechanical  ad- 
mixture, temperature,  and  organic  matter  upon  chlorination  by 

1  Read  before  the  Chemical  and  Bacteriological  Section  of  the  Richmond 
Convention,  May  10,  1917. 
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bleach  and  also  the  relative  viabiUty  of  various  types  of  B.  coli  to 
chlorine.  In  the  present  paper  the  effect  of  acids,  alkaUes,  and 
salts  will  be  discussed  and  a  new  explanation  given  of  the  modus 
operandi  of  chlorination. 

All  the  experiments  described  below  were  made  with  the  raw 
Ottawa  river  water,  the  general  characteristics  of  which  are  as 
follows. 

porto  pttrmtUion 

Free  ammonia 0.005-0.015 

Albuminoid  ammonia 0.088-0.110 

Chlorine 1.5    -2.6 

Nitrites Traces 

Nitrates 0.045-0.080 

Oxygen  absorbed  in  30  minutes  at  lOO^'G 9.0    -11.0 

Alkalinity 25.0    -35.0 

Free  carbonic  acid 0.66  -  1 .32 

Approximately  10  parts  per  miUion  of  calcium  and  magnesium 
sulphates  and  0.5  parts  per  million  of  iron  are  usually  present  in 
addition  to  the  bicarbonates  and  chlorides.  The  turbidity  and 
color  are  recorded  separately  for  each  experiment. 

The  bacteriological  experiments  were  made  by  adding  the  various 
chemicals  to  the  water,  contained  in  glass  bottles,  after  seeding  with 
a  pure  culture  of  B.  coli  and  plating  out  10  cc.  after  the  contact 
indicated  in  the  tables;  40  cc.  rebipelagar  (neutral  red  lactose  bile 
salt  agar)  were  added  to  the  water  and  the  plates  incubated  for 
twenty-four  hours  at  37®C.;  the  characteristic  red  colonies  produced 
by  B.  coh  were  then  counted  and  recorded.  The  results  obtained 
are  recorded  in  table  1. 

Chlorides.  The  effect  of  small  quantities  of  sodium  chloride  (up 
to  10  parts  per  million)  is  apparently  very  limited,  but  larger  amounts 
tend  to  increase  the  velocity  of  the  germicidal  action  of  the  hypo- 
chlorite. Sodium  chloride  itself  has  no  effect  on  the  viability  of  B. 
coli  during  the  period  covered,  viz.,  five  hours  (experiments  1,  2, 
and  3). 

Caustic  potash.  In  quantities  up  to  approximately  5  parts  per 
million  caustic  potash  has  but  little  effect.  At  5  to  10  parts  per 
million  the  velocity  of  the  germicidal  action  is  materially  reduced 
but  when  higher  amounts  are  present  the  germicidal  action  of  the 
alkali  itself  begins  to  take  effect  and  may  entirely  nullify  the  re- 
tarding effect  on  the  hypochlorite  (experiments  4,  5,  and  6). 


Digitized  by  VjOOQIC 


CHLORINATION  AND   CHLORAMINE 


65 


TABLE  1 
Effed  of  different  quantitiee  of  eeoeral  chemicals  on  the  bacterial  content  of  raw  Ottawa 
River  water,    Reeulte  are  B.  coli  per  10  cc. 


PHm- 

. 

OONDI- 

OONTAOT  raSIOD 

s 

▲TAILABLB 

cin/>«nnB 

ADDBD  CHBMICAL 

TIONS 

2 

^ 

1 

1 

l_ 

1 

S 

1 

1 

1 

M 

1 

1 

le 

1 

1 

p.  p.  m. 

p.  p.  m. 

Sodium  chloride 

Nil 

40 

4 

143 

97 

35 

3 

0 

1 

0.40 

1.0 
10.0 
90.0 

Sodium  chloride 

97 
88 
75 

37 
35 
17 

6 
7 
2 

0 

1 

0 

1.0 

4C 

10 

133 

94 

46 

15 

4 

2 

0.40 

5.0 
10.0 
20.0 

Sodium  chloride 

103 
92 
88 

37 
43 
39 

13 
12 

6 

3 
5 
0 

Chlorine 
absent 

NU 

40 

60 

214 

209 

205 

206 

202 

3 

10.0 

208 

198 

204 

200 

50.0 

201 

203 

206 

214 

k 

90.0 

208 

204 

208 

216 

r 

Caustic  potash 

Nil 

40 

4 

258 

155 

131 

0 

0 

0 

4 

0.40 

0.74 

7.4 

37.0 

Caustic  potash 
0.74 

40 

4 

185 

160 
150 
158 

118 

118 

48 

75 

40 

0 

60 

0 

0 

0 

46 

0 

0 
0 
0 

5 

0.40 

3.7 

7.4 

18.6 

Caustic  potash 

112 

85 
80 

90 
64 
43 

0 
63 
44 

6 

Chlorine 
alMent 

Nil 

7.4 

40 

4 

146 

150 
126 

160 
140 

1451 
1281 

}5 
57 

37.0 

129 

130 

121 ; 

U 

74.0 

131 

124 

90 

0 
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TABLE  1— OofrtintKjrf 

PHT8I- 

CAL 

CONTACT  PBRIOD 

o 

CONDI- 

AVAI1.ABL.B 

TIONS 

ADDKD  CBBlflCAL 

( 

S 

CHLORIMB 

>k 

1 

i 

S 
Z 

o 

S 
S 

1 

a 

1 

us 

eo 

^ 

•o 

« 

1 

p.  p.  m. 

p.  p.  m. 

Sulphuric  acid 

Nil 

40 

4 

80 

61 

25 

7 

3 

7 

0.40 

1.6 

6.6 

16.3 

Sulphuric  acid 

45 
36 
17 

20 

16 

3 

4 

1 
0 

0 
0 
0 

8 

Chlorine 
absent 

Nil 
6.6 

40 

60 

285 

282 
280 

287 
282 

285 
262 

282 
240 

16.2 

285 

286 

256 

220 

^ 

32.6 

290 

276 

222 

190 

r 

Carbonic  acid 

9 

/0.35 

Nil 

40 

4 

197 

205 

141 

87 

0 

10.35 

Saturated 

90 

70 

60 

0 

Sodium  carbonate 

NU 

30 

16 

70 

44 

40 

37 

2 

10 

0.35 

5.0 
26.0 
90.0 

Sodium  bicarbon- 
ate 

45 
62 
56 

38 
42 
44 

36 
38 
38 

1 

11 
9 

Nil 

38 

9 

140 

85 

82 

73 

63 

11 

0.35 

6.0 
25.0 
90.0 

Effect  of  light 

93 
90 
93 

75 
80 
73 

68 
65 
35 

60 
60 
28 

12 

0.35 

In  bright  sunlight 
In  dark  cupboard 

38 

9 

216 

130 
145 

122 
136 

61 
130 

0 
32 

Acids,  The  bleach  solution  used  in  experiment  9  contained  0.01 
per  cent  of  available  chlorine  and  was  dissociated  to  the  extent  of 
40  per  cent.  This  was  carbonated  until  hypochlorite  was  more 
than  95  per  cent  dissociated. 
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The  results  of  experiments  7,  8,  and  9  show  that  small  amounts 
of  acid,  whether  added  as  a  strong  mineral  acid,  or  a  weak  acid  such  as 
carbonic  acid,  increase  the  velocity  of  the  action  in  a  marked  manner. 
Sulphuric  acid  alone  has  a  germicidal  effect  but  insufficient  to  ac- 
count for  the  observed  effect  of  the  addition  of  acid  to  h3rpochlorites. 

COMPARISON  OP  VARIOUS  SOURCES  OP  CHLORINE* 

L  Bleach  and  chlorine  gas.  The  results  in  experiment  13  show  a 
slight  difference  in  favor  of  the  solution  of  chlorine  gas,  but  it  is  so 
small  as  to  be  of  no  practical  importance.  A  similar  conclusion  is 
reached  by  Avery  (Report  of  the  Ontario  Provincial  Board  of  Health, 
1914)  after  a  number  of  experiments  with  sewage-infected  water. 
The  general  characteristics  of  the  water  used  by  Avery  are  very 
different  to  those  of  the  Ottawa  supply;  the  Toronto  supply  is  much 
harder  (alkalinity  about  100)  and  contains  no  color.  The  results 
obtained  in  Ottawa  and  Hull  are  perhaps  of  more  value  than  labora- 
tory experiments.  Both  these  cities  take  their  suppUes  from  the  same 
river  and  from  approximately  the  same  location,  and  daily  anal3r8es 
extending  over  a  period  of  years  have  proved  that  the  raw  water  is 
the  same  in  both  cases.  In  Ottawa  the  water  was  treated  with 
straight  bleach  and  in  Hull  with  liquid  chlorine  from  a  modern  type 
of  apparatus,  both  using  the  same  dosage.  When  tap  samples  from 
the  two  cities  were  examined  after  the  same  contact  period  the  re- 
sults were  practically  identical.  For  a  short  period  liquid  chlorine 
was  used  in  Ottawa  and  the  results  were  very  similar  to  those  ob- 
tained with  the  same  dosage  of  chlorine  as  bleach. 

S.  Bleach  and  dectrolyzed  sdU.  In  experiment  14  there  is  a  sUght 
difference  in  favor  of  the  electrolytic  product  but  insufficient  to  be 
of  practical  significance.  The  electrolyzed  salt  solution  was  obtained 
from  a  large-sized  Dayton  cell  and  contained  13  pounds  of  salt  per 
pound  of  available  chlorine. 

3.  Bleach  and  ammonium  hypochlorite.  The  ammonium  hjrpo- 
chlorite  used  in  experiment  15  was  prepared  by  double  decomposi- 
tion of  a  solution  of  bleach  by  ammonium  oxalate  and  removal  of 
the  calcium  oxalate  by  centrifugalization.  No  excess  of  oxalate 
was  present. 

The  abnormally  high  efficiency  obtained  with  what  was  presuma- 

>  See  table  2. 
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TABLE  2 
Comparison  of  various  sources  of  chlorine. 


Results  are  B.  coli  per  10  cc. 


1 

i\ 

OOMTAOT  mUOD 

i 

8 

il 

8 

aoDscB  or 

S 

■ 

« 
t 

% 
p.p. 

m. 

1 

1 

1 

55 

I 

1 

9 

1 

1 

1 

1 

1 

■* 

1 

9 

p.p.w. 

0.4 

Liquid  chlorine 

40 

4 

195 

160 

60 

36 

20 

6 

0.4 

Bleach 

170 

75 

51 

30 

17 

13 

0.6 
0.5 

Liquid  chlorine 
Bleach 

150 
160 

26 
30 

1 

1 

0 
0 

0 
0 

0.4 

Bleach 

40 

4 

182 

130 

66 

3 

0 

14 

0.4 

0.6 
0.6 

Electrolyied 

salt 
Bleach 
Electrolyied 

salt 

115 
30 

25 

60 

1 

0 

1 
0 

0 

0 
0 

0 

0.3 

Bleach 

40 

4 

440 

380 

320 

180 

26 

1 

15 

0.3 

0.4 
0.4 

0.5 
0.5 

Ammonium 
hypochlorite 

Bleach 

Ammonium 
hypochlorite 

Bleach 

Ammonium 
hypochlorite 

280 
440 

280 
440 

280 

80 
300 

30 
290 

10 

4 
218 

0 
191 

0 

0 
112 

0 
59 

0 

0 
6 

0 
2 

0 

0 

1 

0 
0 

0 

0.35 

Nil 

25 

45 

58 

31 

27 

20 

I 

16 

0.10 
0.20 
0.35 

Electrolytic 
hypochlorite 

0.05 
0.10 
0.15 

41 

26 

0 

19 
0 
0 

7 
0 
0 

0 
0 
0 

Mil 

Nil 

40 

6 

365 

370 

360 

380 

330 

260 

0.4 

Nil 

240 

118 

9 

8 

4 

17 

0.6 

Bleach 

Nil 

160 

44 

1 

0 

0 

0.2 

0.10 

280 

24 

2 

0 

0 

0.3 

0.15 

210 

7 

0 

0 

0 

0.4 

. 

0.20 

115 

3 

0 

0 

0 

0.2 

Nil 

41 

5 

145 

133 

113 

110 

110 

0.5 

Nil 

114 

24 

7 

0 

18 

0.2 
0.2 

Bleach 

0.05 
0.10 

72 

76 

7 
4 

3 
0 

0 
0 

0.2 

0.20 

81 

6 

1 

0 
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TABLE  i-Continu^ 


19 


20 


21 


p.p. 
m. 

0.2 
0.2 
0.2 
0.2 

Nil 
Nil 
Nil 

0.20 
0.20 
0.20 
0.20 


aoiTBCB  or 

CHLOBINB 


Bleach 


Liquid  chlo- 
rine 


p.p. 

m, 

Nil 
0.025 
0.050 
0.100 

0.17 
0.35 
5.00 

Nil 
0.05 
0.10 
0.20 


40 


40 


40 


OOMTACT  PBBIOD 


8173 


215 


130 


135 
140 
130 
135 


165 
150 
140 
135 


212 
215 
210 

130 
130 
128 
120 


155 
120 
112 
105 


140 
4 
4 
3 


112 
110 
105 


130 
0 
0 
0 

218 
212 
205 

1201201 


145 
160 
170 


bly  ammonium  hypochlorite  was  subsequently  confirmed  on  several 
occasions.  If  the  velocity  of  the  germicidal  action  is  calculated  on 
the  results  obtained  with  0.3  part  per  million  of  available  chlorine 
the  following  values  are  obtained  by  means  of  the  formula 


log 


Ni 


N, 


tt-k 


*,  when  iy  =  0. 


tt 

YBLOCXTT  OOBmciXlIT  OT 

AMMONIUll  SALT 

RATIO  ^— — ^^^— ^— 

Caknumsalt 

Ammonium  nUt 

CALCnTM  BAUT 

1 
4 

0.138 
0.099 

1.841 
+0.612 

13.3 

+6.2 

These  figures  indicate  very  clearly  the  marked  increase  in  the 
velocity  shown  by  the  ammonium  salt.  From  a  consideration  of 
tne  cnemieal  formula  of  ammonium  hjrpochlorite  it  appeared  proba- 
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ble  that  it  would  be  exceedingly  unstable  and  decompose  into 
chloramine  and  water  according  to  the  equation:  NH4OCI  = 
NHjCl  +  H2O.  Chloramine  has  previously  been  found  to  have  a 
carbolic  coeflScient  of  6.6  as  compared  with  2.2  for  chlorine.  (S. 
Rideal,  Jour.  Roy.  San.  InsL,  1910,  31,  33-45.)  A  dilute  solution 
of  pure  chloramine  can  be  prepared  by  Raschig's  method  (Chem. 
ZeiL,  1907,  31,  926)  in  which  dilute  solutions  of  bleach  and  ammonia 
are  mixed  in  such  proportions  that  the  anhydrous  ammonia  is  equiva- 
lent to  the  available  chlorine  (approximately  two  parts  by  weight 
of  chlorine  to  one  part  by  weight  of  ammonia).  During  the  addi- 
tion of  the  ammonia  the  solution  of  bleach  should  be  surrounded  by 
a  freezing  mixture  and  the  mixture  kept  as  cool  as  possible  until  the 
evolution  of  gas  has  ceased.  The  solution  is  then  saturated  with 
zinc  chloride  and  magma  distilled  under  reduced  pressure.  The 
distillate  is  a  dilute  solution  of  pure  chloramine.  Rideal  (loc.  cit.) 
found  that  mixtures  of  electrolytic  hyphochlorite  and  ammonia 
produce  chloramine  and  this  is  confirmed  by  the  results  given  in 
experiment  16.  The  effect  of  adding  ammonia  to  bleach  solutions 
is  shown  in  experiment  17.  If  the  results  are  calculated  by  means 
of  the  formula  given  on  page  69,  the  following  velocity  coefficients 
are  obtained,  t  being  expressed  in  hours. 


tt-tl 

AvaiUble  chlorine  parts  p«r  miUion 

0.40 

0.00 

O.M 

0.30 

0.40 

0. 166  QO  minutes) 

1.092 
0.490 

2.149 
0.919 

0.691 
1.182 

1.440 
1.747 

3.360 

1.0      (1  hour) 

2.085 

Over  a  period  of  one  hour  the  velocity  coefficient  of  0.20  part  per 
miUion  of  chlorine  plus  an  equivalent  of  ammonia  is  greater  than 
that  of  0.60  part  per  million  of  chlorine  without  ammonia. 

The  next  step  was  to  determine  the  most  efficient  ratio  of  chlorine 
to  ammonia.  The  results  are  given  in  experiments  18  and  19.  Ex- 
periment 18  shows  that  there  is  apparently  but  little  difference  in 
the  results  when  the  ammonia  is  present  in  amounts  that  lie  between 
one  half  the  equivalent  of  the  chlorine  and  double  the  equivalent. 
The  tendency  of  amounts  larger  than  the  equivalent  is  an  adverse 
one,  due,  possibly,  to  the  production  of  hydrazine  or  ammonium 
chloride.    Experiment  19  shows  that  when  the  ammonia  is  as  low 
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as  one  quarter  the  equivalent  of  the  chlorine,  the  velocity  of  the  re- 
action is  practically  as  great  as  when  an  equivalent  is  used.  No 
satisfactory  explanation  of  this  can  be  advanoed  at  present  by  the 
author,  but  in  corroboration  of  the  results  the  figures  in  table  3  are 
given,  which  show  the  rate  of  absorption  of  available  chlorine  for 
various  ratios  of  chlorine  and  ammonia. 

Similar  indications  were  given  by  testing  the  bleaching  power  of 
solutions  containing  various  ratios  of  chlorine  to  ammonia.  All  the 
laboratory  experiments  that  have  been  made,  indicate  that  the 
eflFect  of  the  ammonia  is  altogether  out  of  proportion  to  its  amount. 

TABLES 

Rate  of  absorption  of  cfUorine 

10  parts  per  million  of  available  chlorine  added.    Temperature,  65*F. 


CHLOBINB 

PBBCXNTAOB  OP  ORIGINAL  POUND  APTBB 

AMMONIA 

10  minutes 

4  hours 

20houn 

Infinity,    (ammonia  absent) 

66.8 
83.2 
97.2 
98.3 
99.8 

40.0 
77.8 
94.7 
96.5 
98.2 

28.1 

8  : 1 

67.3 

4  :1 

88.5 

2.7  :1 

2:1 

92.8 
96.2 

Ratio  of  8  : 1  by  weight  »  ratio  of  4  : 1  in  equivalents. 

BVIDBNCB  OF  THE   FORMATION   OF  CHLORAMINE 

So  far  as  the  author  is  aware,  there  is  no  specific  test  for  chlora^ 
mine,  and  although  the  evidence  regarding  the  formation  of  this 
substance  from  ammonia  and  hypochlorites  or  hypochlorous  acid, 
when  present  in  equivalent  amounts  in  dilute  solution,  is  purely 
circumstantial  it  must  be  regarded  as  fairly  conclusive.  It  has  been 
suggested  that  the  effect  of  the  ammonia  is  to  accelerate  or  intensify 
the  oxidizing  action  of  the  hypochlorite,  but  this  view  is  contrary  to 
the  evidence  available.  If  the  oxidizing  action  were  intensified,  the 
rate  of  absorption  of  available  chlorine  by  waters  containing  appre- 
dable  amounts  of  organic  matter  would  be  more  rapid  after  the 
addition  of  an  equivalent  of  ammonia,  but  the  data  at  the  top  of 
the  next  page  show  that  the  converse  holds  true. 
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OOIITACT  PSBIOD 

Chlorine  u  bleach 

Chlorine  m  ohloramine 

mtnu/M 

0 

10.00 

9.98 

5 

6.50 

9.98 

10 

6.91 

9.90 

20 

5.18 

9.90 

40 

4.47 

9.84 

60 

3.96 

9.88 

80 

3.65 

9.84 

1200 

• 

9.68 

The  effect  of  the  ammonia  in  this  case  was  to  reduce  the  rate  of 
absorption  to  a  negligible  amount;  the  amount  of  chlorine  absorbed 
in  eighty  minutes  after  the  addition  of  ammonia  is  so  small  as  to  be 
almost  within  the  limit  of  experimental  error. 

Another  method  of  estimating  the  effect  of  the  ammonia  on  the 
oxidizing  power  of  hypochlorites  is  by  determining  the  bleaching 
action  on  dyestuffs.  Indigo,  as  indigo  carmine,  is  very  suitable  for 
this  purpose,  as  it  is  first  oxidized  to  isatin,  a  colorless  compound, 
which  is  then  converted  to  yellow  chlorisatin  by  the  action  of  chlo- 
rine. In  one  experiment  it  was  found  that  10  cc.  of  a  bleach  solu- 
tion containing  1  mgm.  of  available  chlorine,  after  the  addition  of 
10  cc.  of  warm  25  per  cent  sulphuric  acid,  decolorized  13.0  cc,  of  a 
weak  indigo  carmine  solution.  When  an  equivalent  of  ammonia 
was  first  added  to  the  bleach  solution  only  0.2  to  0.3  cc.  was  required 
to  produce  a  blue  color  that  was  permanent  for  several  hoiu*s. 
Similar  results  have  been  reported  by  Rideal  for  mixtures  of 
sodium  hypochlorite  and  ammonia  and  prove  conclusively  that  the 
addition  of  the  ammonia  destroys  the  bleaching  or  oxidizing  effect 
of  hypochlorites. 

Although  chloramine  has  no  oxidizing  value,  it  still  retains  the 
property  of  displacing  iodine  from  potassium  iodide  and  conse- 
quently gives  the  usual  starch  iodide  reaction.  The  chlorine  can 
also  be  precipitated  by  silver  nitrate  and  the  ammonia  determined 
by  the  colorimetric  method  with  Nessler's  reagent. 

Chloramine  is  very  stable  in  very  dilute  solution  and  no  loss  of 
nitrogen  or  available  chlorine  occurs  in  mixing  very  dilute  solutions 
of  hypochlorites  and  ammonia,  but  when  the  solutions  are  more 
concentrated  a  serious  loss  of  available  chlorine  takes  place  on 
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standing.  This  is  especially  marked  if  there  is  a  local  excess  of 
ammonia,  such  as  occurs  on  the  addition  of  ammonia  fort.  A  bleach 
solution  containing  0.63  per  cent  of  available  chlorine  lost  14  per 
cent  of  available  chlorine  in  twenty  hours,  and  24  per  cent  in  twenty- 
four  hours,  after  the  addition  of  dilute  ammonia;  when  ammonia 
fort  was  used,  the  solution  lost  89  per  cent  of  its  available  chlorine 
in  a  few  hours.  On  adding  strong  ammonia  to  bleach  solutions  a 
white  precipitate  of  hydrate  of  lime  is  thrown  down  and  a  rapid 
evolution  of  nitrogen  occurs.  According  to  Raschig  two  competing 
reactions  take  place  when  the  ammonia  is  in  excess. 

(1)  NHjCl  +  NH,  =  N,H4.HC1  (Hydrazine  hydrochloride)  and 
(2)  3NH,C1  +  2NH8  =  N,  +  3NH4CI 

When  the  excess  of  ammonia  is  large  the  second  reaction  predomi- 
nates and  the  yield  of  nitrogen  gas  is  almost  quantitively  propor- 
tional to  the  available  chlorine  in  the  solution. 

Hydrazine  has  a  carboUc  coeflScient  of  0.24  (Rideal)  and  ammon- 
ium chloride  has  no  germicidal  action  so  that  if  ammonia  is  to  be 
eflSciently  employed  dilute  solutions  must  be  used  and  a  local  excess 
of  anmionia  avoided. 

It  appeared  possible  that  chloramine  might  be  prepared  by  the 
electrolysis  of  ammoniimi  chloride  but,  up  to  the  present,  efforts  in 
this  direction  have  not  been  successful.  When  warm  concentrated 
solutions  are  used,  nitrogen  trichloride  (NCU)  is  formed.  This  is 
a  heavy  oily  substance  that  is  extremely  imstable  and  highly  ex- 
plosive. When  dilute  cold  solutions  are  used,  a  small  amount  of 
available  chlorine  is  produced  but,  owing  to  secondary  reactions 
which  result  in  the  formation  of  free  acid,  the  concentration  does 
not  increase.  This  chlorine  is  not  of  the  nature  of  chloramine, 
because  such  solutions  have  a  decided  bleaching  action  on  dyestuffs. 
When  the  production  of  acid  is  prevented  by  the  addition  of  ammonia, 
hydrazine  is  apparently  produced.  Another  compound  of  ammonia 
and  chlorine  is  possible,  viz.,  NHClj,  dichloramine,  but  its  method 
of  preparation  and  properties  are  apparently  unknown. 

The  increased  germicidal  eflfect  produced  by  adding  ammonia  to 
h3rpochlorites  naturally  suggests  a  similar  mixture  with  a  solution 
of  chlorine  gas  but  under  the  usual  conditions  this  apparently  has 
no  abnormal  value.  A  tjrpical  example  of  this  is  shown  in  experi- 
ment 21. 

The  results  are  explained  by  the  fact  that  a  solution  of  chlorine 
gas  in  water  does  not  form  hypochlorous  acid  and  is  consequently 
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unable  to  produce  ammonium  hypochlorite  and  chloramine.  The 
addition  of  ammonia  to  solutions  of  chlorine  gas  almost  entirely 
destroys  both  the  oxidizing  action  and  the  germicidal  action  by  the 
formation  of  inert  ammonium  chloride.  In  experiment  21  the  effect 
of  this  salt  is  seen  in  the  twenty-four  hour  results,  which  show  that 
an  aftergrowth  of  B.  coli  had  occurred  which  was  somewhat  pro- 
portional to  the  amount  of  ammonia  added. 

MODUS  OPERANDI   OF   CHLORINE   DISINFECTION 

When  bleaching  powder  is  the  source  of  the  chlorine  the  usual 
method  of  representing  the  reactions  is  by  the  following  equations,  in 
which  the  nascent  oxygen  is  regarded  as  the  active  germicidal  agent 
2CaOCl2  =  CaClj  +  Ca  (OCl)^ 
Ca  (0C1)2  +  H2O  +  CO2  =  CaCOa  +  2HC1  +  O2 
or  CaCU  +  H,0  +  O2 
Bleaching  powder  containing  38  per  cent  of  available  chlorine  has 
the  composition  represented  by  the  formula  4CaOCl2 .  2Ca(OH)2  .- 
5H2O.  When  temperature  conditions  are  favorable  the  chlorine 
content  can  be  increased  to  40  and  42  per  cent,  but  such  compounds 
are  not  so  stable  as  the  one  represented  by  the  above  formula, 
which  contains  approximately  20  per  cent  of  excess  hydrate  of  lime. 
The  stabiUty  of  bleach  solutions  depends  upon  this  excess  of  base 
(Griflfen  and  Hedallen,  J.  Soc.  Ghent.  Ind.,  1915,  34,  530-532)  and 
although  magnesia  can  be  partially  substituted  for  the  excess  lime 
a  minimum  of  5  per  cent  of  lime  is  required  to  ensure  stability. 

Instead  of  a  definite  chemical  compound,  bleach  should  be  re- 
garded as  the  solid  phase  of  a  three-component  system  which  is  in 
equilibrium  only  under  the  conditions  of  temperature  and  pressure 
obtaining  during  its  manufacture.  Although  many  of  the  altera- 
tions in  equilibrium  are  of  importance,  the  one  of  chief  interest  in 
disinfection  is  that  produced  by  the  addition  of  water.  The  best 
method  of  representing  this  alteration  is  by  the  equation  2CaOCl2  + 
2H,0  :^  CaCU  +  Ca(0H)2  +  2HC10.  which  accords  with  the  fact 
that  on  distilling  a  solution  of  bleach  with  water  or  a  dilute  weak 
acid  such  as  boric  acid,  a  solution  of  hypochlorous  acid  is  obtained. 
It  also  gives  a  clear  explanation  of  the  fact  that  ordinary  bleach 
solutions  give  a  higher  chlorine  content  after  acidification.  It  has 
been  stated  that  when  hydrochloric  acid  is  employed  the  increase 
in  the  available  chlorine  is  derived  from  the  chlorine  in  the  calcium 
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chloride,  but  this  never  occurs  under  ordinary  conditions.  Weak 
acids,  such  as  acetic  or  carbonic  acids,  will  give  just  as  high  results 
as  hydrochloric  acid.  The  effect  of  acids  is  to  remove  the  hydrate 
of  lime  trom  the  right  hand  portion  of  the  equation  and  so  enable 
the  reaction  to  proceed  entirely  in  that  direction.  According  to 
the  law  of  mass  action  a  similar  result  should  be  obtained  by  in- 
creasing the  molecules  of  water  relative  to  those  of  bleach.  The 
author  carried  out  this  idea  with  a  2  per  cent  bleach  solution  with 
the  results  given  in  table  4, 

The  above  figures  only  hold  for  the  particular  sample  used;  other 
samples  containing  different  excesses  of  base  would  give  different 
results. 

These  results  are  in  accord  with  the  above  hypothesis  and  also 
show  that  bleach  solutions  are  entirely  dissociated  or  hydrolyzed  at 


TABLE  4 

Dilution  of  bleach 

PXHCENTAOB  OF  BLEACH  IX  SOLUTION 

DIBBCr  TITRATION  X  100 
ACID  TITRATION 

2.0 

30.8 

0.2 

34.3 

0.1 

41.8 

0.02 

67.5 

0.002 

100.0 

the  dilutions  used  in  water  and  sewage  purification,  provided  the 
liquid  does  not  contain  substances  that  impede  the  dissociation. 
The  dissociation  can  be  reduced  by  the  addition  of  lime  water, 
caustic  alkali  or  normal  carbonate  and  increased  by  the  addition  of 
any  acid  that  will  neutralize  and  so  remove  calcium  hydrate  from 
the  reaction.  The  effect  of  chlorides  is  anomalous  and  no  apparent 
explanation  of  their  action  can  be  given.  The  addition  of  small 
quantities  of  sodium  chloride  (0.1  per  cent)  increases  the  dissociation 
of  bleach  solutions  but  much  larger  quantities  tend  to  have  the 
opposite  effect.  Bicarbonates  increase  the  dissociation.  These  ob- 
served chemical  effects  are  entirely  in  agreement  with  the  bacterio- 
logical results  given  in  table  1. 

A  phenomenon  of  more  scientific  interest  than  of  practical  im- 
portance has  been  noted  by  Breteau  (J.  Phar.  Chem.,  1915,  12,  248) 
who   found  that  alkaline  solutions  of  sodium  hypochlorite  con- 
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taining  0.94  per  cent  of  available  chlorine  lost  3.8  per  cent  of  their 
titer  on  dilution  with  80  volumes  of  water;  also  that  this  loss  was 
increased  by  the  addition  of  small  quantities  of  salt  (sodium  chlor- 
ide) and  more  so  by  carbonates  and  bicarbonates.  This  has  been 
found  by  the  author  to  hold  true  for  bleach  solutions  and  that  the 
loss  increased  on  standing.  It  must  be  assumed  that,  in  dilute 
solution  and  in  the  presence  of  light,  there  is  a  tendency  for  the 
reaction  2HC10  =  2HC1  +  Oi  to  occur  with  loss  of  available  chlo- 
rine. Carbonates  and  bicarbonates  would  increase  the  velocity  of 
this  reaction,  but  there  is  no  apparent  reason  why  common  salt 
should  have  a  similar  effect. 

Sodiiun  hypochlorite  is  probably  hydrolyzed  in  dilute  solution  in 
a  manner  similar  to  bleach,  2NaOCl  =  NaCl  +  NaOH  +  HCIO. 
For  solutions  containing  equal  amoimts  of  available  chlorine,  NaOCl 
is  more  dissociated  than  bleach  because  of  the  absence  of  an  excess 
of  base  and  this,  together  with  the  excess  of  salt,  accounts  for  the 
slightly  higher  germicidal  velocity  obtained  with  electrolytic  hypo- 
chlorite. The  experience  of  pulp  mills  with  bleach  and  electrolytic 
hypochlorite  confirms  this;  the  latter  is  a  much  quicker  bleaching 
agent  than  bleach  and  it  is  often  so  rapid  as  to  make  it  desirable  to 
reduce  the  velocity  by  the  addition  of  soda  ash. 

The  effect  of  salts  and  carbonates  on  solutions  of  chlorine  gas  has 
not  been  investigated  and  it  is  very  difl5cult  to  deduce  them  from 
theoretical  considerations  on  accoimt  of  the  extremely  limited 
ionization  of  chlorine  even  in  dilute  solution. 

Both  chloride  gas  and  hypochlorite  solutions  have  an  oxidizing 
power  equivalent  to  their  chlorine  content  and  both  yield  16  parts 
of  oxygen  per  71  parts  of  available  chlorine.  When  a  solution  of 
chlorine  gas  or  a  hypochlorite  is  added  to  water  or  sewage  contain- 
ing readily  oxidizable  matter  an  equivalent  of  chlorine  is  dissipated 
and  removed  from  the  sphere  of  action.  This  may  take  place  in 
two  ways  (1)  by  the  addition  of  chlorine  similar  to  the  oxidation  of 
ferrous  chloride  to  ferric  chloride  or  (2)  oxidation  by  means  of 
nascent  oxygen  produced  by  decomposition  of  hypochlorous  acid 
or  by  the  reaction  of  chlorine  and  water.  If  the  reaction  took  place 
along  the  lines  of  the  first  suggestion  an  organic  chloro-compound 
would  be  obtained  in  which  the  chlorine  may  not  react  in  the  usual 
way  with  silver  nitrate.  When  bleach  is  added  to  the  Ottawa 
River  water  the  whole  of  the  chlorine  can  be  titrated  with  silver 
nitrate  even  after  the  whole  of  the  free  chlorine  has  disappeared 
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and  it  therefore  seems  probable  that  the  oxidation  proceeds  in  ac- 
cordance with  suggestion  2.  There  is  no  reason  for  assuming, 
however,  that  the  germicidal  action  property  of  chlorine  and  hypo- 
chlorites is  due  to  the  production  of  nascent  oxygen  for  it  is  well 
known  that  such  active  oxidizing  agents  as  sodium,  magnesium, 
and  hydrogen  peroxides  have  a  much  lower  germicidal  power  than 
chlorine  when  compared  on  the  basis  of  their  oxygen  equivalents. 
This  is  shown  in  table  5  in  which  a  comparison  is  made  between 
bleach  and  potassium  permanganate. 

In  this  experiment  the  chlorine  is  five  times  as  active  as  potassium 
permanganate  when  calculated  on  their  oxygen  equivalents  and 
this  value  would  probably  have  been  much  higher  if  the  water  used 

TABLES 
Bleach  and  potassium  permanganate.    Results  are  B.  eoli  per  10  cc. 


COWthCt  PCBIOD 

BLMACH. 

FABTB 
FBB  BOLLXON 

•  • 

TOTAMUUM  rmtMAXQAMAVm 

Ozygm  equivalMit  parts  per  miUion 

0.08 

0.183 

0.2M 

0.40 

Nil 

140 
90 
68 
63 
50 

122 

115 

108 

95 

115 

100 

95 

80 

30  minMte« 

110 

1    hour  .  .  ,   .   r   .  -   T  -   T  -   -   r .   -  ^ . , . . 

80 

1^  hours , 

75 

4  hours 

50 

had  contained  less  organic  matter.  Hypochlorites  have  a  much 
higher  germicidal  action  than  can  be  accoimted  for  by  their  oxidiz- 
ing' ability  and  are  still  more  active  when  their  oxidizing  activity 
is  destroyed  by  the  addition  of  ammonia.  The  germicidal  activity 
must  consequently  be  attributed  to  some  other  cause  and  it  seems 
probable  that  chlorine  and  certain  of  its  compounds  exert  a  direct 
toxic  effect  on  organisms. 

Dakin  (Comptes  rend.,  1915,  161,  150-153)  from  a  study  of  his 
boricized  solutions  of  hypochlorites  iu  the  treatment  of  infected 
wounds  has  attributed  the  persistent  action  to  the  formation  of 
chloro-amines  by  the  reaction  of  protein  and  amino  acids  with  hypo- 
chlorites. In  a  later  paper  (Dakin  and  Cohen,  Brit,  Med.  Jour., 
1915,  ii,  318)  he  reported  the  examination  of  a  number  of  chlora- 
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mines  and  found  that  all  substances  containing  the  group:  NCI  were 
strongly  antiseptic.  One  of  these,  paratoluenesulphochloramide, 
CHj.C»H4.S02.NNaCl,  has  been  placed  on  the  market  under  the 
name  of  chloramine  T  and  is  being  extensively  used  in  Europe  for 
the  treatment  of  woimds  infected  with  the  gas-gangrene  bacillus, 
B.  perfringens.  Dilute  h3rpochlorite  solutions  contain  hypochlorous 
acid  and  the  latter  either  exerts  a  direct  toxic  effect  on  the  organisms 
or  indirectly  so  after  the  formation  of  chloroamines  by  reaction 
with  the  protein  and  amino  acids.  Compoimds  such  as  chloramine 
produced  by  the  reaction  of  hypochlorous  acid  and  anmionia,  would 
by  analogy  be  strongly  antiseptic  themselves  and  also  exhibit  a 
marked  tendency  to  react  with  compounds  to  form  others  contain- 
ing the  group  NCI.  It  is  interesting  to  note  that  Cross  and  Bevan 
(J.  Soc.  Chem.  Ind.,  1908,  28,  260)  have  shown  that  chloramines 
have  a  tendency  to  combine  with  nitrogenous  molecules  and  to  be- 
come fixed  on  cellulose.  It  is  possible  that  the  action  of  chlorine 
and  chloramine  is  a  cytolytic  one  but  the  toxic  action  is  probably 
much  greater  than  can  be  accounted  for  in  this  manner. 

CHLORAMINE   DISINFECTION  IN  PRACTICE 

At  the  time  when  the  very  abnormal  results  were  obtained  with 
ammonium  hypochlorite  the  discovery  appeared  to  be  only  of 
scientific  interest  and  especially  so  inasmuch  as  Rideal  had  attrib^ 
uted  the  obnoxious  tastes  and  odors  sometimes  caused  by  chlori- 
nation  to  the  formation  of  chloramines.  During  the  winter  of 
1915-1916,  however,  the  price  of  bleach  advanced  to  extraordinary 
heights  and  the  author  then  determined  to  try  out  the  process  on  a 
practical  scale  for  the  purification  of  water.  A  subsidiary  plant 
pumping  about  200,000  imperial  gallons  per  day  was  found  to  'be 
available  for  this  purpose  and  the  chloramine  process  was  substituted 
for  the  bleaching  powder  method  previously  in  operation.  This  was 
commenced  by  the  addition  of  pure  ammonia  fort,  in  the  calculated 
amount,  to  the  bleach  solutions  contained  in  barrels.  The  results 
were  not  what  were  anticipated  and  it  was  found  that  the  bleach 
solutions  as  received  in  the  laboratory  were  far  below  the  strength 
calculated  from  the  amount  of  dry  bleach  used.  This  experience 
was  repeated  on  subsequent  days  and  the  deficiency  was  foimd  to 
increase  with  increased  amounts  of  ammonia.  Solutions  of  similar 
strength  were  then  used  in  the  laboratory  with  similar  losses  and  it 
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was  observed  that  on  the  addition  of  ammonia  a  copious  evolution  of 
gas  occurred.  This  led  up  to  the  work  reported  on  page  73  which 
showed  that  dilute  solutions  must  be  employed  and  prolonged  con- 
tact avoided.  Alterations  were  accordingly  made  in  the  plant  and 
the  bleach  and  anmionia  were  prepared  in  dilute  solutions  in  separate 
vessels  and  only  allowed  to  mix  for  a  few  seconds  before  delivery  to 
the  suction  of  the  pumps.  This  method  of  application  was  instan- 
taneously successful  and  results  equal  to  those  obtained  in  the  labo- 
ratory were  at  one  secured.  The  dosage  was  reduced  until  the  bac- 
teriological results  were  adversely  affected  and  continued  at  values 
slightly  in  excess  of  this  figm-e  for  some  time  to  prove  that  the  proc- 
ess was  reliable. 

The  results  obtained  on  the  experimental  plant,  together  with 
those  obtained  on  the  main  plant,  where  20,000,000  imperial  gallons 
per  day  were  treated  with  straight  bleach,  are  given  in  the  tables 
6,  7,  and  8.  The  two  periods  given  are  during  the  spring  floods 
and  that  immediately  preceding  it.  These  represent  the  worst  and 
the  best  water  periods.  The  results  in  both  cases  are  from  samples 
which  were  examined  approximately  two  hours  after  the  application 
of  the  treatment. 

The  cost  data  are  calculated  on  recent  spot  prices  for  bleach  and 
ammonia  (26*^  B)  in  the  United  States,  but  if  the  prevaiUng  Cana- 
dian prices  are  substituted  the  chloramine  process  shows  an  even 
greater  economy.  The  results  were  so  satisfactory  that  the  author 
reconmiended  the  adoption  of  this  method  for  the  main  plant  and 


TABLE  6 

Comparison  of  hypochlorite  and  chloramine  treatment 

Bacteriological  results 


1916 


March  16-31.. 
April  1-19 


BAW  WATBB 


Bacteria  per 

oubio 
centimeter 


< 


44 
3,099 


238 
14,408 


S 
I 
I 

h 


35.7 
195.5 


TBBATBD  WITH 
HTPOOHLOBITB  ALOZf  B 


Bacteria 
per  cubic 
centime- 
ter 


I9 


< 


I- 


<0.14 
0.50 


ii 

-a  i 


0.90 
1.10 


TBBATBD  WITH  HTPOOHLO- 
BITB AND  AMMONIA 


Bacteria 
per  cubic 
centime- 
ter 


I- 


12 

246 


0.14 
0.74 


si 

n 


0.22 

0.25 


0.11 
0.13 
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TABLE  7       • 
Percentage  reduction 


March  15-31. 
April  1-19... 


HTPOCHLOKITX  ALONB 


Bacteria  per 
cubic  centi- 
meter 


Acarl 
day  at 
37*C. 


Agar  8 
days  at 

a6»c. 


90.9 

98.9 


95.8 
99.6 


B.coIi 
index 

per  100 
cubic 
oenti- 

meters 


99.9+ 
99.7 


Avail- 
able 
chlo- 
rine 
parts 
per 

million 


0.90 
1.10 


HTPOCHLOKITB  AND  AMMONIA 


Bacteria  per 
cubic  centi- 
meter 


Acarl 
day  at 
87'^  C. 


Agar  8 

days  at 

20*  C. 


90.9 
98.3 


95.0 
98.9 


B.  ooli 
index 
per  100 
cubic 
centi- 
meter* 


99.7 
99.6 


AvaU- 
able 
chlo- 
rine 

parte 


0.22 
0.25 


TABLES 
Cost  per  million  imperial  gallons 

BTPOCHLOBITS 
AIX>inB 

BTPOCHLOMTB 
AND  AMMONIA 

March  15-31 

$1.12 

$1.26 

$0.46 

April  1-19 

$0.54 

Calculated  on  Bleach  at  $3.80  per  100  pounds  and  aqua  ammonia  (26*B) 
at  5i  cents  per  pound. 

requested  the  permission  of  the  local  Board  of  Health  to  make  the 
change.  The  matter  was  referred  to  the  Provincial  Board  of  Health 
who  granted  the  request  provided  the  chlorine  dosage  was  not  re- 
duced below  0.60  parts  per  million  for  at  least  six  months.  The 
effect  of  this  would  have  been  to  render  the  treatment  more  costly 
than  the  straight  bleach  process  and  consequently  nothing  further 
was  done.  Early  in  1917  the  Canadian  manufacturers  again  raised 
the  price  of  bleach,  to  $5.10  per  100  pounds,  and  the  permission  of 
the  civic  authorities  was  then  obtained  for  the  proposed  change  at 
the  main  plant  where  20,000,000  imperial  gallons  per  day  were 
being  treated  with  bleach.  The  ammonia  used  in  this  instance 
was  commercial  aqua  anunonia  (26°B)  containing  approximately  29 
per  cent  of  anhydrous  ammonia.  The  material  was  first  examined 
for  the  presence  of  such  noxious  substances  as  cyanides  and  found 
to  be  very  satisfactory. 

The  chlorinating  plant  is  situated  in  close  proximity  to  the  low- 
lift  pumping  station  at  the  mouth  of  the  intake  pipe  and  at  present 
(April,  1917)  discharges  a  0.6  per  cent  bleach  solution  through  a 
2-inch  galvanized  iron  pipe  to  the  pumping  station,  where  it  is  di- 
vided up  by  means  of  a  manifold  system  and  discharged  into  the 
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suctions  of  the  pumps.  The  aqua  ammonia  is  diluted  in  barrels  to 
approximately  0.40  per  cent  strength  and  discharged  through  an 
orifice  imder  constant  head  into  the  hypochlorite  feed  pipe  as  it 
enters  the  station.  The  dosage  of  bleadi  and  ammonia  is  deter- 
mined by  the  strength  of  the  solutions  and  by  the  heads  on  their 
respective  orifices;  and  the  mixtures  of  the  two  is  divided  among  the 
pumps  by  regulating  the  valves  on  the  discharge  manifold  imtil  the 
water  from  all  the  pumps  gives  the  same  intensity  of  reaction  with 
starch  and  potassium  iodide.  The  low-lift  pumps  discharge  into 
a  conunon  header  from  which  the  intake  pipe  carries  the  water  to 
the  high-lift  pumping  station  situated  some  5200  feet  away.  Cal- 
culated on  the  average  daQy  consumption  of  water,  a  contact  period 
of  approximately  twenty-five  minutes  is  obtained  before  the  treated 
water  reaches  the  distribution  mains. 

TABLE  9 


1917 


February. . 
March  1-18 
March  1-31 
April  1-30.. 


B.  CX>LIPBB 
100  00. 


Raw 

water 


268 

250 

643 

5,228 


Tap 
ample 


0.88 
0.96 
0.43 
0.14 


3 

4 

4 

31 


40 
40 
40 
32 


Chlo- 
rine 


0.57 
0.32 
0.47 
0.60 


0.05 
0.11 
0.14 
0.10 


Early  in  February  the  change  in  the  treatment  was  effected  by 
gradually  increasing  the  quantity  of  ammonia  until  a  dosage  of  0.12 
parts  per  million  was  reached  and  constantly  decreasing  the  dosage 
of  bleach,  which  was  formerly  0.93  parts  per  million  of  available 
chlorine.  During  this  period  the  results  were  constantly  controlled 
by  numerous  bacteriological  examinations  which  showed  that  the 
results  were  very  satisfactory.  When  the  dosage  had  been  reduced  to 
0.28  part  per  million  of  chlorine,  the  health  authorities  intervened, 
with  the  result  that  the  dosage  was  instructed  to  be  increased  to 
the  minimum  recommended  by  the  provincial  authorities.  This 
has  so  far  prevented  a  thorough  test  being  made  of  the  capabilities 
of  the  chloramine  process  but  some  results  have  been  obtained  that 
are  of  interest.  The  average  B.  coli  results  are  given  in  table  0 
together  with  the  physical  data  which  show  that  the  April  period 
includes  the  spring  flood  period. 
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*  At  the  height  of  the  flood  period  the  water  contained  80  parts  per 
million  of  turbidity  and  600  to  1000  B.  coli  per  cubic  centimeter  yet 
satisfactory  purification  was  obtained  with  0.60  part  per  million  of 
available  chlorine  and  0.13  part  per  million  of  ammonia.  The  tap 
samples  at  this  time  averaged  2.5  B.  coli  per  100  cc.  The  treated  water 
taken  on  this  day  from  Hull,  where  the  same  raw  water  is  treated  with 
0.7  part  per  million  of  liquid  chlorine,  gave  a  B.  coli  index  of  26.7 
per  100  cc.  and  previous  experience  in  Ottawa  has  shown  that  under 
similar  ph3rsical  and  bacteriological  conditions  at  least  1.5  parts  per 
million  were  required  to  reduce  the  B.  coli  index  to  2.0.  It  is  very 
evident  that,  with  normal  turbidities  of  4  to  8  and  a  B.  coli  index  of 
20  to  50  for  the  raw  water,  the  0.6  part  per  million  of  chlorine  to- 
gether with  0.10  of  anunonia  will  provide  a  very  generous  margin  of 
safety.  Even  at  tjiis  excessive  dosage  the  process  is  financially 
successful  and  is  saving  approximately  $8  i>er  day  at  the  present 
time. 

The  addition  of  anmionia  has  caused  no  complaints  to  be  made 
regarding  tastes  and  odors.  Chloramine  itself  has  a  pimgent  and 
penetrating  odor  that  is  somewhat  similar  to  that  of  chlorine  but 
as  tastes  and  odors  seem  to  be  associated  with  the  chlorine  part  of 
the  compound,  any  method  that  reduces  the  chlorine  dosage  also 
reduces  complaints.  This  is  one  of  the  most  valuable  features  of 
the  new  process  and  one  that  should  conunend  itself  to  those  who 
have  to  treat  waters  that  have  small  margins  between  the  dosage 
required  for  satisfactory  purification  and  that  which  causes  com- 
plaints. The  chloramine  process  can  be  most  efficiently  employed 
by  using  small  doses  and  long  contact  periods  but  there  is,  of  course 
an  economical  limit  to  the  contact  period  in  water  works  practice. 
Waters  that  are  very  free  from  oxidizable  matter  will  probably  not 
give  the  same  relative  efficiency  with  chloramine  treatment  as  that 
shown  by  the  Ottawa  River  and  on  the  other  hand  higher  ratios 
should  be  obtained  with  sewage  and  sewage  effluents. 
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MINNESOTA   SECTION 


A  meeting  of  the  Section  was  held  at  Mankato  on  November  10, 
1917,  with  Vice-chairman  G.  O.  House  presiding.  A  paper  by  F. 
W.  CappeUn  on  "Advantages  of  a  LocaJ  Section  of  the  American 
Water  Works  Association''  was  read  by  L.  I.  Birdsall  and  discussed 
by  Messrs.  House  and  F.  H.  Bass.  A  paper  on  "Some Problems  in 
the  Management  of  a  Private  Water  Company"  was  read  by  T.  C. 
Gordon  and  discussed  by  Messrs.  House,  Bass  and  Whittaker  and 
the  author.  A  paper  on  "Some  Features  of  Artesian  Well  Construc- 
tion in  Mankato"  was  read  by  H.  F.  Bloomquist.  There  were 
informal  discussions  of  (1)  leaks  in  water  mains,  (2)  labor-saving 
instruments  in  water  works  operation,  (3)  water  distribution  prob- 
lems, and  (4)  water  purification  problems. 

The  following  officers  were  elected:  chairman,  G.  O.  House; 
vice-chairman,  H.  F.  Bloomquist;  secretary-treasurer,  H.  A.  Whit- 
taker; trustees,  T.  C.  Gordon,  W.  F.  Todd,  L.  I.  Birdsall. 

NEW   YORK   SECTION 

A  meeting  of  the  Section  was  held  at  the  Park  Avenue  Hotel, 
New  York,  on  October  18,  1917,  with  Chairman  Allen  Hazen  pre- 
siding and  about  75  members  and  guests  present.  A  paper  on  the 
"CatskiU  Water  Supply  System"  was  read  by  J.  Waldo  Smith  and 
illustrated  by  lantern  slides.  It  was  followed  by  an  account  of  the 
utilization  of  the  Catskill  supply,  given  by  H.  B.  Machen,  and  a 
discussion  by  Messrs.  Hazen,  W.  W.  Brush,  J.  M.  Diven,  F.  T. 
Kemble  and  Morris  Sherrerd. 

A  meeting  of  the  Section  was  held  in  New  York  on  December 
19  at  which  papers  on  the  water  supplies  of  the  National  Army 
Cantonments  were  read  by  George  W.  Fuller  and  Nicholas  S.  Hill, 
Jr.,  and  discussed  by  Messrs.  Allen  Hazen,  W.  R.  Conard,  J.  M. 
Diven,  B.  B.  Hodgman,  J.  Waldo  Smith  and  W.  W.  Brush. 
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NEW   MEMBERS 

Active 

John  F.  Clinkenbeard,  Water  Commissioner,  Missouri  Valley, 
Iowa. 

Jacob  L.  Crane,  Jr.,  Assistant  State  Sanitary  Engineer,  Lansing, 
Michigan. 

Percy  Gray,  Pumping  Plant  Manager,  Jefferson,  Iowa. 

A.  E.  Hansen,  Hydraulic  and  Sanitary  Engineer,  2  Rector  Street, 
New  York,  New  York. 

Edgar  P.  Kable,  Assistant  Secretary  York  Water  Company, 
York,  Pennsylvania. 

John  A.  Poland,  Secretary  and  Attorney  Gas  and  Water  Com- 
pany, Chillicothe,  Ohio. 

E.  F.  Mohrhardt,  Secretary  Board  Fire  Underwriters  of  the 
Pacific,  San  Francisco,  California. 

Earl  I.  Roberts,  State  Department  of  Health,  Columbus,  Ohio. 

C.  O.  Romig,  Secretary  and  Superintendent  Water  Supply  Com- 
pany, Denison,  Ohio. 

Corporate 

Department  of  Public  Utihties,  Portland,  Oregon. 
Stockton  Water  Works,  Camden,  New  Jersey. 

Associate 

DeLaval  Steam  Turbine  Company,  Trenton,  New  Jersey. 
Donaldson  Iron  Company,  Emaus,  Pennsylvania. 
Portland  Cement  Association,  Chicago,  Illinois. 

OBITUARY 

Joseph  E.  Fulper,  Superintendent  and  Secretary,  Washington 
Water  Company,  Washington,  New  Jersey,  December  20,  1917. 

Henry  M.  Hanssen,  C.E.,  Carroll,  Iowa,  December  25,  1917. 

Thomas  C.  Irving,  Jr.,  Vice  President  Robert  W.  Hunt  and  Com- 
pany, Ltd.,  Toronto,  Ontario.  Killed  in  Action  in  France,  October 
30,  1917. 

Homer  Dayton  Langworthy,  Jr.,  Superintendent  Water  Works, 
Macon,  Georgia,  December  11,  1917. 
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ROLL  OP  HONOR 

The  following  is  a  list  of  our  members  and  sons  of  members  who 
are  serving  with  the  American  and  Allied  forces: 

Amsbabt,  Harlow  A.  (son  F.  C.  Amsbary),  2nd  Lieutenant  6th 

C.  A.  C.  A.  E.  F. 
Babbitt,  Harold  Eaton,  Captain  Engineers,  U.  S.  R.,  A.  E.  F., 

France. 
Bartow,  Edward,  Major  Sanitary  Corps,  A.  E.  F.,  France. 
Bascom,  G.  R.,  Major  Sanitary  Corps,  Unassigned. 
Bassett,  Charles  K.   (Buffalo  Meter  Company),  1st  Lieutenant 

Ordnance  Department,  Washington. 
Batchelder,  Robert  F.   (son    G.    W.    Batchelder),    Paymaster 

U.  S.  Navy. 
Bennett,  A.  N.,  1st  Lieutenant  337th  F.  A.  R.  C,  Camp  Dodge, 

Iowa. 
Berry,  Loren  J.  (son  J.  P,  Berry),  Sergeant,  Medical  Corps,  A. 

E.  F.,  France. 
Black,  E.  B.,  Captain  Aviation  Section  Signal  Corps. 
Black,  Gurdon  G.,  Captain  Engineer  Corps,  Regimental  Adjutant, 

314th  Engineers,  Camp  Ftinston,  Kansas. 
Blair,  McCrea  Parker,  Infantry  Commander,  Co.  G.,  No.   1 

Depot  Battalion,  M.  D.  10,  Canada. 
Bowles,  James  T.  B.,  Major,  Sanitary  Corps,  Surgeon  General's 

OflSoe,  Washington,  D.  C. 
Brennan,  B.  C,  Captain  Engineer  Corps,  A.  E.  F. 
Brown,  Rasselas  Wilcox,   Infantry,  Co.  A,   112th  Regiment, 

Camp  Hancock,  Georgia. 
Brown,  Robert  Huse,  Captain  Sanitary  Corps,  N.  A. 
BuswELL,  A.  M.,  Lieutenant  Sanitary  Division  Medical  Corps, 
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THE  CATSKILL  WATER  SUPPLY  SYSTEM* 
By  J.  Waldo  Sbhth 

Organization.  At  the  time  of  the  inauguration  of  the  McCiellan 
administration,  the  fact  that  the  consumption  of  water  by  the  city 
of  New  York  was  rapidly  approaching  the  limits  of  the  existing  supply 
had  been  pretty  well  demonstrated  by  several  investigations  con- 
ducted by  the  department  of  water  supply,  gas  and  electricity,  by 
John  R.  Freeman's  report  to  the  comptroller  in  1900,  and  by  the 
Burr-Hering-Freeman  commission  in  1903.  Mayor  McCiellan,  with 
characteristic  energy  and  thoroughness,  reviewed  all  these  reports 
and  satisfied  himself  that  it  was  necessary  for  the  city  to  seciu^  at 
once  an  additional  supply  of  water,  and,  although  other  municipal 
improvements  were  put  forward  as  necessary  and  advisable,  he  chose 
that  of  water  supply  as  being  most  vital  to  the  city's  interest  and 
the  one  which  most  demanded  prompt  attention.  In  the  b^^inning 
of  the  second  year  of  his  first  administration  he  secured  the  neces- 
sary legislation  to  make  it  practicable  to  proceed  at  once  to  deter- 
mine the  best  sources  from  which  to  obtain  an  additional  water 
supply  and  for  its  construction  after  the  plans  were  approved. 

It  had  been  the  uniform  custom  of  the  city  of  New  York,  when  any 
great  improvement  was  to  be  carried  out,  to  put  it  in  the  hands  of  a 
special  conmiission  vested  with  broader  powers  than  those  possessed 
by  any  of  the  codrdinated  departments  of  the  city  government,  in 
order  that  such  special  work  might  be  more  effectively  and  expe- 
ditiously carried  out.    This  precedent  was  followed,  and  a  board  of 

^Read  before  the  New  York  Section  on  October  18,  1917. 
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water  supply,  composed  of  three  commissioners,  was  selected  by 
Mayor  McClellan,  on  the  reconmiendations  of  certain  civic  organi- 
zations. The  statute  contained  a  stipulation  that  the  commis- 
sioners could  be  removed  only  on  accoimt  of  incompetence  or  mis- 
conduct, proved  by  hearing  after  due  notice  upon  stated  charges. 
This  provision  was  designed  to  insure  continuance  in  oflSce  during 
good  behavior  and  to  prevent  the  change  of  commissioners  with 
each  new  city  administration.  The  plan  has  worked  admirably. 
No  commissioner  has  been  removed  throughout  the  progress  of  the 
work  to  date,  and  only  two  have  resigned,  one  to  retire  from 
active  work  and  one  to  fill  an  important  state  oflSce. 

The  board  appointed  the  chief  engineer.  All  other  appointments 
in  the  engineering  bureau,  as  well  as  dismissals  and  promotions, 
have  been  made  by  the  board  in  accordance  with  the  chief  engi- 
neer's reconmiendations.  In  no  ease  has  a  commissioner  sought 
to  control  or  influence  these  reconmiendations.  This  may  seem 
somewhat  remarkable  in  a  city  which  has  been  so  much  maligned 
as  the  city  of  New  York  in  past  years.  This  maUgning  is  often 
done  by  its  own  citizens,  who,  in  lecturing  throughout  the  coimtry 
from  time  to  time,  attempt  to  appeal  to  the  popular  prejudice  that 
all  public  employees  are  incompetent  or  dishonest,  and  make  the 
most  astounding  statements,  with  no  knowledge  of  the  facts  and 
without  even  trying  to  learn  them.  The  author  doubts  if  any  other 
public  improvement — national,  state  or  municipal — throughout  the 
country  can  show  a  better  record. 

Preparation  and  approval  of  general  plan.  The  chief  engineer's 
appointment  took  place  on  August  1,  1905,  and  a  small  corps  of 
engineei^,  about  27,  were  available  by  September  1, 

The  first  work  in  hand  was  the  preparation  of  a  general  plan  cov- 
ering an  additional  supply  of  water  by  gravity  to  the  five  boroughs 
of  the  city.  It  did  not  seem  advisable  to  make  additional  extended 
investigations  as  to  sources  of  water  supply.  Previous  investiga- 
tions and  legislative  action  had  pretty  well  fixed  those  which 
might  be  developed.  By  utilizing  all  the  information  available,  and 
by  close  application  and  great  energy  on  the  part  of  the  small  work- 
ing force,  which  was  increased  to  55  during  the  month  of  September, 
within  the  space  of  about  five  working  weeks  reconnaisance  surveys 
had  been  made  and  a  complete  plan,  including  estimates,  was  pre- 
pared, excepting  the  major  part  of  its  deUvery  system  within  the  city. 
This  plan  was  approved  by  the  board  of  water  supply  and  submitted 
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on  October  9  to  the  board  of  estimate  and  apportionment  for  ap- 
proval. With  the  exception  of  some  minor  modifications  this  is  the 
plan  which  has  been  carried  out.  The  original  estimate,  exclusive  of 
the  part  of  the  delivery  system  which  was  omitted,  was  $162,000,000. 
A  year  or  two  later  studies  for  the  delivery  sjrstem  were  completed, 
and  the  additional  cost  estimated  at  115,000,000,  making  the 
estimate  for  the  entire  work  $177,000,000.  This  estimate  was  made 
with  practically  no  subsiurface  investigation.  Although  there  have 
been  many  changes  in  legislation,  such  as  the  8-hour  law,  the  law 
providing  for  the  establishment  of  the  aqueduct  police,  and  the 
provision  for  the  pa3m[ient  of  indirect  and  business  damages,  all  of 
which  tended  to  add  to  the  cost,  in  an  amount  estimated  to  be 
from  $8,000,000  to  $20,000,000,  it  is  believed  that  the  work  will 
be  completed  within  the  original  estimate.  As  the  matter  stands 
today,  the  actual  disbursements  and  Uabilities  are  $139,000,000. 
A  liberal  estimate  for  completing  the  unfinished  work  is  $37,000,000, 
making  a  total  of  $176,000,000,  or  $1,000,000  less  than  the  origmal 
estimate,  without  allowing  any  credit  for  the  additional  expense 
imposed  by  l^islation. 

The  approval  of  the  board  of  estimate  and  apportionment  was 
secured  within  the  minimum  statutory  limit  of  two  weeks,  and  it 
then  remained  to  obtain  the  approval  of  the  state  water  supply 
commission,  which  was  created  simultaneously  with  the  board  of 
water  supply  and  was  given  general  supervision  over  the  sources 
of  water  supply  to  be  chosen.  Application  to  the  commission  was 
made  promptly,  and  hearings  were  held,  extending  over  sLx  months. 
After  securing  additional  legislation  to  cover  indirect  and  business 
damage  and  police  protection  the  general  plan  was  approved  by 
the  state  water  supply  commission,  in  June,  1906,  thus  making  it 
possible  to  proceed  with  the  surveys  and  investigations  necessary 
for  the  preparation  of  the  construction  contracts. 

Prosecution  of  work  under  contract  The  construction  contracts 
were  put  forward  rapidly,  so  that  the  first  contract,  for  11  miles  of 
aqueduct  in  the  vicinity  of  Peekskill,  was  awarded  in  March,  1907. 
The  largest  contract  on  the  entire  work,  that  for  the  main  dams  of 
the  Ashokan  reservoir,  of  a  value  of  over  $12,500,000,  was  awarded 
in  August  of  the  same  year.  Other  contracts  were  prepared  as  rap- 
idly as  possible,  so  that  all  those  involving  a  large  volume  of  work 
outside  the  city  were  operative  before  the  end  of  1909.  The  main  con- 
tracts for  the  delivery  of  water  within  the  city  were  awarded  in  1911. 
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Delivery  of  water  to  the  city.  The  first  water  was  actually  delivered 
to  the  city  on  December  27,  1915,  and  thereafter  a  smtdl  quantity 
Was  delivered  throughout  that  winter  and  intermittently  during 
1916.  The  general  delivery  of  water  to  aU  boroughs  began  in 
January,  1917.  The  first  delivery  of  water  was  made  at  least  a 
year  sooner  than  was  anticipated,  and  it  would  have  been  possible 
at  any  time  since  April,  1913,  to  deliver  water  for  an  emergency 
period  through  the  Croton  aqueduct,  had  necessity  arisen. 

Working  force  and  expenditures.  The  maximum  force  in  the  engi- 
neering bureau  at  any  time  was  1348,  in  1911.  The  maximum  labor 
force  employed  on  aU  contracts  at  one  time  was  16,229  in  the  same 
year.  The  largest  expenditure  in  any  month  was  $3,900,000,  in 
June,  1911,  and  for  one  year  was  125,900,000  in  1911. 

Completion  of  contracts.  The  following  facts  are  pertinent.  All 
the  construction  work,  about  1100,000,000  in  value,  has  been  ac- 
complished by  the  original  contractors  or  their  legal  representa- 
tives, without  the  intervention  of  the  city  or  a  call  on  a  surety 
company  to  advance  money.  The  author  wishes  it  could  be  said 
that  the  contractor  had  made  a  fair  profit  in  every  case,  but  this  is 
probably  too  much  to  expect.  Difiiculties  were  encoimtered,  due 
in  some  cases  to  low  bids,  and  in  other  cases  due  to  failure  of  the 
contractor  to  adopt  the  best  methods  for  doing  the  work.  That  the 
latter  was  the  fact  in  some  cases  was  very  plainly  brought  out  by  the 
operation  of  contiguous  contracts,  for  the  same  class  of  work  under 
approximately  the  same  working  conditions,  where  one  contractor, 
at  a  lower  price,  has  made  a  handsome  profit,  while  another,  at  a 
higher  price,  broke  even  or  made  a  small  profit,  and  in  some  cases 
operated  at  a  large  loss. 

None  of  the  contracts  contained  provisions  for  doing  work  other 
than  that  directly  provided  for  in  the  items  of  the  contract.  While 
it  is  believed  that  there  should  be  in  contracts  provisions  for  doing 
extra  and  additional  work,  with  suitable  safeguards,  in  order  to 
afford  greater  elasticity,  such  provisions  were  debarred  by  the 
representatives  of  the  law  department.  In  spite  of  this  handicap, 
the  work  was  accomplished  without  the  embarrassment  of  having 
to  suspend  operations  on  a  single  contract  in  order  to  have  work 
done  which  had  not  been  anticipated  or  provided  for. 

Completion  toithin  estim^ated  cost.  The  amounts  paid  under  all  the 
construction  contracts,  aggr^ating  1100,000,000  in  value,  averaged 
approximately  5  per  cent  less  than  the  amount  bid.    This  is  not 
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claimed  to  be  a  saving^  as  some  have  tried  to  make  it  appear. 
Nevertheless,  it  has  had  a  good  effect  on  the  pubUc  mind  because 
the  dear  public  is  prone  to  consider  that  any  additional  expense  over 
the  amotmt  bid  on  a  contract  is  due  to  incompetence  in  the  prepa- 
ration or  to  collusion  on  the  part  of  those  executing  it  and  that 
such  excess  is  always  an  increase  in  the  cost.  As  a  matter  of  fact^ 
we  know  that  the  actual  cost  is  neither  increased  nor  decreased. 

Importance   of  preliminary  investigations.    Believing  that  very 
thorough  investigations  were  absolutely  essential  as  a  preliminary 
to  the  preparation  of  contracts  for  construction  work  and  that 
failiu^  or  serious  complications  are  quite  frequently  due  to  lack  of 
such  preparation  special  effort  was  made  to  have  the  preliminary 
inevestigations  as  thorough  and  exhaustive  as  was  consistent  with 
economy.    Investigations  in  connection  with  the  location  of  the 
dams  and  of  the  aqueduct  line  required  the  making,  of  14  miles  in 
depth  of  wash  borings,  31  miles  in  depth  of  core  borings,  the  ex- 
cavating of  numerous  test  shafts  and  trenches  and  the  making  of 
3400  miles  of  preliminary  surveys.    All  this  information  was  ex- 
haustively studied  and  analyzed.    This  thoroughness  was  all.  the 
more  essential  for  the  preparation  of  contracts  in  which  there  could 
be  no  provision  for  doing  other  work  than  that  specifically  pro- 
vided for  under  the  items  of  the  contract.    The  contract  and  speci- 
fications, in  the  course  of  their  preparation,  went  through  the  hands 
of  the  most  skilled  workers  in  headquarters,  and  they  were  also 
particularly  examined  by  the  engineers  in  the  field,  who  would  exe- 
cute the  work,  before  being  put  into  permanent  shape.    It  was  due 
to  this  carefulness,  and  this  aJone,  that  it  was  possible  to  conduct 
the  whole  work,  a  large  part  of  which  was  prosecuted  under  the 
surface  of  the  ground,  without  meeting  any  unforeseen  difficulties 
which  had  not  been  anticipated  and  provided  for.    Many  an  under- 
taking has  been  wrecked,  or  seriously  hampered,  by  untimely  haste 
in  b^inning  work,  before  thorough  preparation  was  made,  in  re- 
sponse to  the  popular  demand  for  the  ''dirt  to  fly."    Due  to  the 
great  business  activity  during  the  early  years  of  the  work,  or  to  some 
kind  Providence,  this  misfortime  was  averted.    The  contracts  and 
specifications,  as  prepared,  were  intended  to  give  the  fullest  infor- 
mation to  bidders.    No  attempt  was  made  to  conceal  or  belittle  any 
of  tiie  difficulties  which  were  anticipated;  instead,  an  effort  was  made 
to   emphasize  them,  and  the  men  in  field   were  instructed   to 
call  the  attention  of  prospective  bidders  to  any  physical  condition 
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which  would  affect  the  execution  of  the  work  or  the  prices  to  be 
bid. 

Payment  items.  The  contracts  contained  specific  pa3rment  items 
for  much  work  usually  included  in  general  expense,  and  an  effort 
was  made  to  provide  a  pa3m[ient  item  for  all  work  which  could  be 
reasonably  s^regated  and  measured.  The  work  included  in  each 
item  and  the  method  of  measurement  and  pa3rment  for  same  were 
carefully  set  forth,  with  the  intent  of  preparing  contracts  and  speci- 
fications, which,  so  far  as  possible,  would  eliminate  controversies  and 
differences  of  opinion.  This  could  be  successfully  done  to  only  a 
limited  degree,  for  it  is  impossible  to  write  in  this  language  so  that 
it  will  be  interpreted  in  the  same  way  by  all  readers. 

Construction  of  dams  in  secHans,  with  drainage  systems.  The 
building  of  the  dams  in  sections,  with  transverse  joints  about  80 
feet  apart,  has  prevented  cracking  through  the  body  of  the  masonry 
on  account  of  contraction,  and  has  incidentally  served  as  an  aid  to 
construction,  both  as  to  safety  and  convenience.  The  masonry 
between  the  borders  of  the  drainage  system  is  so  impervious  that  it 
is  uncertain  whether  this  drainage  system  would  be  effective  or  not. 
As  a  matter  of  fact,  practically  no  water  runs  into  it  except  at  the 
expansion  joints.  From  this  experience  the  author  is  incUned  to 
eliminate  the  main  drainage  S3rstem  and  retain  the  building  in 
sections. 

Construction  of  steel-pipe  siphons.  In  constructing  the  steel-pipe 
siphons,  the  plates  were  first  pickled  to  remove  all  the  mill  scale 
before  fabrication  at  the  shop.  In  the  field  the  pipe  was  laid  on 
concrete  saddles  carefully  set  to  grade,  and  after  a  siphon  was  com- 
pleted and  full  pressure  was  appUed  the  pipe  was  completely  sur- 
roimded  with  concrete  of  suflScient  thickness  to  prevent  deformation 
when  empty.  The  pipe  was  then  unwatered  and  2  inches  of  cement 
mortar  placed  on  the  inside.  This  was  accomplished  by  setting  up 
forms  inside  the  pipe  and  placing  a  1 : 1  grout  around  the  forms. 
This  resulted  in  an  exceedingly  smooth  lining,  which,  up  to  date, 
has  shown  no  tendency  toward  loosening  from  the  pipe.  It  is  be- 
lieved that  this  pipe  is  more  completely  preserved  than  by  any 
bitumen  coatings  previously  appUed.  It  certainly  provides  a  much 
smoother  inner  surface. 

Pressure  tunnels.  Pressure  tunnels  are  not  new.  As  long  ago  as 
the  construction  of  the  Croton  aqueduct,  a  pressure  tunnel  was 
built  from  a  point  north  of  Jerome  Park  reservoir  to  the  reservoir 
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at  135th  street,  including  the  crossing  under  the  Harlem  River  in 
the  neighborhood  of  Highbridge.  The  only  marked  difference  be- 
tween that  pressure  tunnel  and  those  constructed  on  the  Catskill 
work  is  that  the  maximum  pressure  in  the  case  of  the  Croton  was 
only  a  little  over  that  due  to  100  feet  head  and  that  for  most  of  the 
distance  the  hydraulic  grade  was  below  the  level  of  the  gi*oimd,  or 
slightly  above  it,  whereas  for  the  Catskill  tunnels  the  average  un- 
balanced head  is  equal  to  at  least  250  feet  and  at  some  points  is  as 
high  as  425  feet.  This  enormously  increased  pressure  was  the  most 
difficult  featiu'e  to  deal  with  and  one  which  received  exceedingly 
careful  consideration  in  preparing  the  design.  The  result  was  the 
establishment  of  an  arbitrary  rule  that  at  no  point  should  the 
sound  rock  cover  for  any  appreciable  distance  be  less  than  150  feet. 
As  a  matter  of  fact,  the  sound  rock  cover  is  materially  more  than 
this  at  practically  every  point. 

The  Hudson  River  crossing.  The  Hudson  River  crossing  is  the 
most  striking  example  of  the  pressure  tunnel  form  of  construction. 
The  problem  of  designing  suitable  apparatus  to  unwater  this  timnel 
was  more  difficult  than  the  designing  of  the  tunnel  itself.  The  ac- 
cepted design  consists  of  two  centrifugal  pumps  of  about  5,000,000 
gallons  combined  capacity,  each  capable  of  lifting  water  under  a 
head  of  about  700  feet  and,  when  arranged  in  tandem,  to  raise  the 
water  1100  feet  or  more,  of  course  with  a  reduced  capacity.  This 
tunnel  has  been  unwatered  two  or  three  times  with  this  apparatus 
with  entire  success.  It  is  of  a  portable  nature  and  can  be  removed 
to  the  other  pressure  tunnels  and  used  in  the  drainage  shafts  in  a 
similar  way. 

Leakage  from  tunnels.  It  was  anticipated  that  the  leakage  from 
the  tunnels  in  the  rock,  lined  only  with  concrete,  under  such  high 
pressures,  would  be  material.  It  was  originally  beUeved  that,  in  the 
cases  of  the  Rondout  and  Wallkill  Valleys,  which  are  each  about 
4^  miles  across,  if  each  tunnel  did  not  leak  more  than  1  million  gallons 
daily  they  would  be  very  satisfactory,  probably  not  greater  than 
from  a  steel  pipe  of  equal  capacity  laid  in  the  ground.  As  a  mat- 
ter of  fact,  the  initial  leakage  on  the  first  filling  was  greater,  but 
quickly  decreased  to  a  moderate  amount  and  has  continued  to  de- 
crease since,  so  that  the  present  leakage  in  all  tunnels  36  miles  in 
length,  with  an  interior  surface  area  of  8,700,000  square  feet  and 
an  average  effective  outward  pressure  of  250  feet,  is  567  gallons  per 
minute.    The  leakage  of  18  miles  is  from  recent  measurements,  the 
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leakage  of  the  city  tunnel  is  estimated  from  previous  measure- 
ments. This  amount  of  leakage  could  be  carried  through  a  If-inch 
nozzle  under  that  head. 

The  city  tunnel.  A  pressure  tunnel  provided  the  only  reasonable 
and  practicable  solution  of  the  delivery  of  water  within  the  city. 
The  thoroughfares  running  north  and  south  were  already  crowded 
with  pubUc  utility  structiu'es,  in  the  way  of  gas  and  electric  con- 
duits, subways,  etc.  Besides  this,  the  inconvenience  to  the  public 
during  construction  would  have  been  excessive  if  it  had  been  neces- 
sary to  bring  this  large  quantity  of  water  through  the  city  in 
pipes  under  the  surface.  After  careful  investigations,  it  was  de- 
cided to  build  a  pressure  tunnel  through  the  backbone  of  The  Bronx 
and  Manhattan  Island,  crossing  the  Harlem  River,  and  then  the 
East  River  to  Brookl3ai.  This  tunnel  is  over  18  miles  long,  the 
longest  tunnel  in  the  world.  This  type  of  construction  was  also 
50  per  cent  cheaper  than  delivery  by  pipes.  Contrary  to  expecta- 
tion, there  have  been  indications  of  water  at  the  siuface  at  only 
two  points,  at  23d  Street  and  Broadway  and  at  57th  Street  and  6th 
Avenue,  and  only  a  very  small  quantity  at  each  of  these  points.  In 
cold  weather  it  is  most  noticeable  and  at  the  present  time  has  prac- 
tically disappeared.  One'  curious  matter  in  connection  with  the 
leakage  from  the  tunnels  has  been  observed  for  at  least  four  years, 
which  is  that  the  leakage  varieb  inversely  with  the  temperature, 
being  at  its  maximum  about  March  of  each  year  and  its  minimum 
the  latter  part  of  September,  and  that  both  the  maximum  and  the 
minimum  decrease  each  year.  The  opportunities  for  measuring 
this  leakage  have  been  exceedingly  favorable,  and  has  been  accom- 
plished by  measuring  in>  the  end  shafts  of  the  pressure  tunnels  at 
such  times  as  the  water  is  shut  off  in  the  aqueduct,  this  being  equiva- 
lent to  a  tank  measurement. 

When  any  great  project  is  carried  to  successful  completion,  the 
public  likes  to  believe  that  one  individual  is  responsible  for  the 
success  of  it,  but  there  is  nothing  in  this  view  and  we  all  know  that 
success  comes,  if  it  comes  at  all,  through  the  inspiration,  confidence 
and  strength,  that  come  with  united  effort  and  effective  cooperation^ 
on  the  part  of  all  connected  with  it.  It  is  certain  that  any  success 
which  may  have  been  achieved  on  this  work  is  due  more  to  the 
quaUty  and  character  of  the  individuals  in  the  organization  than  to 
their  leaders.  What  has  contributed  most  to  the  effective  conduct 
of  the  work  has  been  the  almost  uniform  belief  and  confidence  in 


Digitized  by  VjOOQIC 


THE  GAT8KILL  WATBB  SUPPLY  SYSTEM  99 

one  another/ the  high  sense  of  loyalty  and  the  wilUngness  to  sacri- 
fice personal  ambition  and  preferment  for  the  good  of  the  work. 
All  held  the  good  of  the  work  above  every  other  consideration.  The 
policy  has  been  to  work  with  the  contractors — ^not  against  them; 
to  help  and  not  to  hinder.  Any  other  policy  means  an  economic 
waste.  None  have  been  more  loyal  or  more  conscientious,  or  have 
contributed  more  to  the  success  of  the  work. 

The  author  does  not  claim  that  this  organization  has  had  a  monopoly 
of  loyalty,  but  he  does  beUe ve  that  the  ties  that  bind  have  been  a  little 
stronger  and  more  flexible,  the  sacrifice  of  personal  ambition  has  been 
greater  and  that  the  loyalty  has  been  more  spontaneous  and  effec- 
tive. It  is  certain  that  association  for  years  with  an  organization 
of  this  character  is  worth  more  than  any  honor  or  personal  prefer- 
ment which  might  possibly  come  to  any  one,  due  to  his  connection 
with  it  and  its  successful  completion. 

Acknowledgment  should  be  made  of  the  cordial  cooperation  which 
has  been  given  by  the  successive  city  administrations  and  by  all 
the  men  connected  with  the  coordinated  departments  of  the  city  gov- 
ernment with  whom  we  have  come  in  contact.  All  have  been  willing 
to  grant  the  privil^e  of  a  hearing  at  all  times.  The  author  desires 
particularly  to  acknowledge  the  very  complete  cooperation  of  the  chief 
engineers  of  the  department  of  water  supply,  gas  and  electricity,  Mr. 
de  Varona,  Colonel  Smith  and  Mr.  Brush,  and  also  of  the  members 
of  their  organizations.  They  have  gone  out  of  their  way,  in  season 
and  out  of  season,  to  assist  in  every  possible  manner.  It  would 
have  been  wrong  to  have  had  any  other  relations  between  these 
two  departments  which  are  so  closely  concerned  with  the  water 
supply  of  the  city,  one  having  to  do  the  planning  and  construction  of 
the  additional  supply,  which,  on  completion,  devolved  on  the  other 
department  for  maintenance  and  operation. 
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THE  WATER  WORKS  AT  CAMP  GRANT* 
By  Chables  B.  Burdick 

Camp  Grant,  located  upon  the  Rock  and  Kishwaukee  River  5 
miles  south  of  Rockford,  III.,  is  typical  of  sixteen  divisional  canton- 
ments constructed  to  house  the  National  Army.  It  furnishes  ac- 
commodations for  36,000  men  as  originally  planned.  As  completed 
it  provides  housing  for  42,000  men  and  10,000  animals.  Each 
building  is  supplied  with  water.  Each  barrack  is  accompanied  by  a 
lavatory  in  a  separate  building  also  suppUed  with  hot  and  cold 
water  and  equipped  with  water  closets,  urinals,  wash  sinks  and 
shower  baths.  The  buildings  total  1520  and  cover  an  area  meas- 
uring about  3  miles  north  and  south  by  li  miles  east  and  west. 

Water  supply  requirements.  The  requirements  for  water  supply 
demanded  first,  absolute  healthfulness,  second,  adequate  fire  pro- 
tection for  a  rather  congested  city  of  wooden  buildings,  and  third,  a 
speed  of  design  and  construction  that  has  probably  never  been 
equaled  for  a  water  supply  of  the  size  required. 

The  instructions  to  the  constructing  quartermaster  required  that 
water  should  be  provided  to  the  amount  of  not  less  than  55  gallons 
per  day  per  man,  or  about  2,000,000  gallons  per  day  for  the  36,000 
men  originally  proposed  for  Camp  Grant.  Instructions  further  pro- 
vided that  the  plant  should  be  capable  of  delivering  water  to  the 
distribution  system  at  2.85  times  the  above  rate,  or  approximately 
5.7  million  gallons  per  day.  This  was  obviously  intended  to  refer 
to  rates  for  very  short  periods. 

It  was  required  that  the  water  should  be  furnished  under  a  pres- 
sure not  less  than  60  pounds  and  not  more  than  85  pounds  unless 
greater  pressures  were  necessary  to  distribute  the  water. 

Available  supply  sources.  Northern  Illinois  is  a  well  watered 
country  and  surface  supplies  are  almost  everywhere  available,  but 
on  account  of  the  abundance  of  groimd  water,  they  are  seldom 
used  for  domestic  purposes.  A  surface  water  supply  at  Camp 
Grant  would  have  been  particularly  undesirable,  even  if  filtered,  on 

^  Read  before  the  Illinois  Section  on  November  15,  1017. 
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account  of  heavy  sewage  poUution  in  the  two  streams  which  border 
the  camp.  An  investigation  was  made  to  determine  the  practica- 
bility of  pm-chasing  a  supply  of  water  from  the  city  of  Rockford, 
but  the  quantity  available  was  not  sufficient. 

There  are  two  sources  of  ground  water  everywhere  available  in 
the  northern  one-third  of  the  state,  namely,  the  St.  Peter  sandstone 
and  the  Potsdam  sandstone.  In  most  of  the  river  valleys  it  is  also 
possible  to  develop  water  sufficient  for  a  municipal  supply  from  the 
glacial  and  alluvial  sands  and  gravels. 

The  St.  Peter  sandstone  is  from  160  to  250  feet  in  thickness,  and 
in  Rockford  wells  to  penetrate  it  completely  would  be  from  400  to 
500  feet  deep.  A  part  of  the  Rockford  municipal  supply  is  obtained 
from  this  source. 

The  Potsdam  sandstone  is  much  thicker,  reaching  a  thickness  of 
upward  of  1000  feet  at  Rockford.  It  contains  numerous  veins  of 
water.  The  top  of  the  Potsdam  sandstone  is  reached  locally  at  a 
depth  of  about  500  feet,  and  wells  about  1500  feet  in  depth  usually 
are  required  to  fully  develop  this  formation. 

The  blanket  of  glacial  drift  overlying  bed-rock  varies  in  thickness 
in  the  vicinity  of  Rockford  up  to  200  to  300  feet  in  those  places  in 
the  valley  of  the  Rock  River  that  were  eroded  by  the  ancient  stream. 
In  these  places  the  St.  Peter  sandstone  Ues  immediately  below  the 
glacial  drift.  The  glacial  drift  and  river  alluvium  overlying  bed- 
rock largely  consist  of  sand  and  gravel  and  are  filled  with  water 
below  the  ground-water  plane  of  the  region,  which  is  approximately 
the  level  of  the  streams.  Water  can  be  withdrawn  from  the  drift 
in  large  quantities  where  the  water-bearing  stratum  has  sufficient 
depth  and  porosity.  In  the  city  of  Rockford  the  drift  in  many 
places  is  thin  and  uncertain  in  character  to  such  extent  that  no 
large  supplies  have  been  drawn  from  it,  the  general  practice  being 
to  enter  the  underlying  sandstone  for  all  large  and  moderateJy  large 
water  suppUes,  such  as  the  municipal  supply  and  private  supplies  for 
various  manufacturing  institutions  in  the  city. 

All  underground  waters  of  the  region  are  excellent  from  the  hy- 
gienic standpoint.  All  three  of  the  available  underground  waters 
are,  however,  moderately  hard. 

The  time  available  would  not  permit  of  an  underground  recon- 
naissance by  test  borings  to  determine  the  most  practicable  place 
adjacent  to  the  camp  to  develop  a  water  supply.  Knowing  that  the 
sandstone  would  furnish  the  required  water  if  it  could  not  be  de- 
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veloped  in  the  drift,  it  was  promptly  decided  to  procure  well  drilling 
outfits  capable  of  penetrating  the  St.  Peter  sandstone,  or  going  even 
deeper  if  advisable.  It  was  further  decided  to  select  a  locality  as 
favorable  as  possible  so  far  as  surface  indications  went;  to  keep  an 
accurate  log  of  the  drift  materials  encountered  in  constructing  the 
wells,  and  to  utilize  a  supply  in  the  drift  should  favorable  materials 
be  disclosed  in  the  construction  of  the  permanent  wells,  otherwise 
to  continue  the  wells  into  the  St.  Peter's  sandstone. 

It  was  estimated  that  with  good  luck,  a  St.  Peter's  well  would  re- 
quire about  six  weeks  in  drilling.  It  was  further  estimated  that 
from  six  to  eight  wells  would  be  required  to  supply  the  camp. 
Under  these  circumstances  it  would  not  be  practicable  to  supply  the 
camp  by  September  1  without  employing  a  nimiber  of  well  drilling 
rigs.  Accordingly,  arrangements  were  made  for  the  rental  of  four 
deep-well  drilling  outfits  which  were  placed  at  work  as  rapidly  as 
they  could  be  secured,  transported  and  erected. 

The  wells.  The  condition  of  the  pipe  market  was  such  that  ma- 
terial for  private  work  was  practically  unobtainable,  and  pipe  for 
use  in  well  casings  was  obtainable  by  the  government  only  with 
great  difficulty  and  delay.  It  was  early  recognized,  therefore,  that 
well  casings  must  be  ordered  at  once,  capable  of  completing  all 
necessary  wells  under  the  most  unfavorable  circumstances  of  the 
underlying  formations  that  would  be  likely  to  be  developed  in 
construction. 

Under  the  provision  of  the  general  contract,  the  well  drilling  out- 
fits were  rented  by  the  general  contractor  under  a  spepial  contract, 
the  general  contractor  providing  all  labor  and  operating  and  main- 
taining the  drilling  outfits.  On  account  of  heavy  developments  in 
the  oil  regions,  considerable  time  was  required  for  the  delivery  of 
well-drilling  repair  parts,  and  to  forestall  materials  required  for 
maintenance,  a  supply  of  drills,  cables  and  other  equipment  was 
ordered  that  would  probable  be  worn  out  in  case  it  was  necessary 
to  drill  into  the  sandstone.  One  well  strainer  was  provided  in 
order  that  the  first  well  could  be  tested  should  favorable  materials 
be  disclosed  in  the  overlying  drift. 

On  June  29,  an  arrangement  was  closed  with  F.  M.  Gray,  Jr., 
to  furnish  such  well  drilling  rigs  as  would  be  required  up  to  a  total 
of  five  rigs.  The  first  rig  was  delivered  about  the  middle  of  July, 
and  closely  followed  by  two  others,  and  on  August  1,  three  rigs  were 
in  operation  at  depths  of  71,  62  and  79  feet  respectively. 
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The  first  well,  after  passing  through  the  surface  alluvial  soil,  had 
entered  sand  and  gravel  which  continued  to  a  depth  of  about  90 
feet;  then  the  drill  passed  into  clay  to  115  feet;  then  into  quicksand 
and  clay  to  a  depth  of  135  feet,  and  then  into  good  coarse  water- 
bearing sand  to  a  depth  of  156  feet  below  the  surface.  At  this 
point  the  conditions  were  deemed  sufficiently  favorable  to  insert  a 
strainer  and  test  the  well.  This  was  immediately  done,  and  on 
August  13  the  well  was  tested,  producing  311  gallons  per  minute 
with  a  drawdown  of  13  feet.  It  was  then  decided  to  develop  the 
drift  water  supply  in  the  remainder  of  the  wells  should  equally 
favorable  conditions  be  found.  Favorable  materials  being  encoim- 
tered  three  wells  were  completed  during  the  month  of  August  and 
two  additional  wells  in  September.  The  last  of  the  six  wells  was 
completed  October  25. 


TABLE  1 

Specific  capacity  of  individual  toelU 

WSLLNUICBBB 

PUMPAOa  BATB  IN 
OALLON0  PBB  MIKUn 

DBAW-OOWN  BILOW 

WAno  WAnB  LBTBL, 

rBST 

BPBCinC  OAPAOTT, 

GALLONS  PBB  MINim 

PBB  FOOT  or  DBAW- 

DOWir 

1 

311 

13.0 

23. 

3 

225 

10.0 

22.5 

4 

299 

8.1 

36.8 

5 

263 

10.76 

25. 

6 

286 

6.42 

44.5 

7 

18.0 

All  wells  are  equipped  with  Johnston  strainers  having  a  No.  40 
slot.  Four  strainers  are  10  inches  in  diameter  and  16  feet  long. 
Two  strainers  are  20  feet  long  and  8  and  10  inches  in  diameter 
respectively. 

As  is  the  case  with  all  wells  in  granular  materials  such  as  sand 
and  gravel,  the  practicable  rate  of  piunpage  is  directly  proportional 
to  the  depression  of  the  water  surface  in  the  well  incident  to  pumping. 

All  the  10-inch  wells  are  equipped  with  5-inch  air  lift  pumps  and 
pipes  having  an  economical  capacity  each  of  500  gallons  per  minute. 
The  specific  capacities  of  the  wells  vary  somewhat,  but  the  varia- 
tion in  capacity  is  taken  up  in  different  amounts  of  drawdowns  in 
the  seversd  wells.  The  original  tests  of  the  several  wells  are  given 
in  table  1. 

As  above  stated,  the  capacity  of  each  well,  as  developed,  is  lim- 
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ited  by  the  air  lift  installation,  and  it  would  be  possible,  if  need  be 
hereafter,  to  increase  the  capacity  of  the  well  system  by  installing 
larger  air  lift  pumps.  With  the  present  c(unpressor  outfit  the 
plant  has  shown  its  ability  to  produce  water  at  the  rates  given  in 
table  2. 

The  lift  under  which  the  wells  operate  varies  with  the  amount  of 
water  produced,  and  varies  somewhat  in  the  different  wells.  Meas- 
ured from  the  water  surface  in  the  well  when  operating  up  to  the 
discharge  head,  the  lift  varies  from  40  to  50  feet,  and  averages 
42  feet  when  five  wells  are  in  operation  furnishing  the  water  supply 
for  the  present  camp,  amoimting  to  about  2,300,000  gallons  per  day. 

The  wells  were  spaced  at  intervals  of  300  feet  on  centers  in  order 
that  there  may  be  a  minimiun  of  interference,  particularly  having  in 

TABLE  2 
Capacity  o    well  group$ 


WUMBaB  or  COM- 

NXTMBBROr  WBIX8 

WAraBPRODUCBD 

QALLOm  PBB  UlKUTm 

PBMSOBS  IM  SBBTtCa 

IN  8BRVICX 

OALLONB  PBB  MZNTO 

PBR  WKX 

1 

3 

1,378 

459 

1 

4 

1,525 

381 

1 

6 

2,160 

360 

2 

5 

2,470 

404 

3 

5 

2.656 

531 

2 

6 

2,740 

457 

3 

6 

3,300 

550 

mind  the  possibiUty  that  it  might  be  necessary  to  go  to  the  Potsdam 
sandstone  for  a  water  supply.  The  percentage  of  interference,  that 
is  to  say,  the  deUvery  per  foot  of  draw-down  of  the  group  of  wells 
as  compared  to  the  sum  of  the  capacities  of  single  wells  added 
together,  is  approximately  77  with  five  wells  in  service.  This  per- 
centage varies  slightly,  depending  upon  the  individual  wells  in 
service. 

Elastic  development  required.  As  no  time  was  available  to  sink 
test  wells  and  pump  them,  it  was  necessary  to  assume  the  imder- 
ground  conditions  as  accurately  as  possible  and  to  adopt  piunping 
devises  that  would  be  workable  under  any  conditions  Ukely  to  be 
disclosed  in  the  construction  of  the  works. 

Accordingly,  it  was  decided  to  adopt  double  pumping,  and  in 
view  of  the  possibiUty  that  St.  Peter's  wells  would  be  used,  it  was 
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denned  advisable  to  install  an  air  lift  pumping  system  of  sufficient 
capacity  to  lift  the  water,  at  the  demanded  rates  and  height,  100 
feet  if  necessary.  At  the  same  time  the  design  was  worked  out  so 
that  it  would  be  reasonably  well  adapted  for  pumping  a  smaller 
quantity  of  water  against  as  high  a  head  as  150  feet,  or  a  greater 
quantity  of  water  against  a  head  of  50  feet  or  even  less. 

This  general  plan  of  development  seemed  economical  under  the 
circumstances  because  the  probable  temporary  nature  of  the  supply 
made  it  desirable,  as  a  general  principle,  to  pump  a  few  wells  to  a 
considerable  depth  rather  than  a  large  number  of  wells  to  a  less 
depth.  Furthermore,  there  is  probably  no  means  for  piunping  well 
water  that  is  more  reliable  in  its  operation  and  that  is  less  Ukely  to 
derangement  than  the  air  lift  pump. 

For  the  above  reasons  the  air  lift  was  adopted  for  Camp  Grant. 
It  was  decided  to  install  three  air  compressor  imits,  each  capable  of 
pumping  1000  gallons  per  minute  against  a  total  head  of  100  feet. 
This  would  allow  a  development  of  2000  gallons  per  minute  with 
one  machine  in  reserve.  In  the  development  of  the  water  supply 
from  the  drift  under  a  less  head,  the  pump  capacities  of  the  com- 
pressors are  proportionately  increased,  as  indicated  by  the  figures 
of  yield  previously  shown. 

A  canvass  of  the  power  situation  disclosed  a  very  good  central 
generating  station  in  Rockford  privately  owned,  with  the  practica- 
bility of  purchasing  power  on  a  sliding  scale  rate.  The  necessity 
for  a  quickly  installed  plant  and  the  probability  of  very  reliable 
service  from  the  Rockford  installation  led  to  the  very  early  decision 
to  utilize  electric  power  in  the  water  works  piunping  operations. 

As  a  reserve  for  use  in  case  the  electric  power  should  be  tempo- 
rarily imavailable,  an  oil  engine  was  installed  which  could  furnish 
the  camp  with  water  for  a  short  time.  This  pumping  imit  proved 
to  be  very  valuable,  for  it  enabled  the  plant  to  begin  pumping 
operations  about  a  weak  earlier  than  would  have  been  possible  with 
electric  power. 

Pumping  equipmerU.  Electrically  driven  centrifugal  pumps  were 
adopted  for  the  high  lift  equipment  on  accoimt  of  the  rapidity  with 
which  they  could  be  furnished,  transported  and  installed.  Stock 
apparatus  was  used  for  part  of  the  equipment.  The  low  installa- 
tion cost  per  imit  of  capacity  also  made  this  equipment  highly  de- 
sirable in  a  pumping  plant  of  a  more  or  less  temporary  nature. 

The  drilling  of  the  wells,  the  construction  of  the  concrete  reser- 
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voir  and  the  foundations  for  the  pumping  station  equipment  were 
begun  simultaneously  about  the  middle  of  July. 

The  first  pimiping  unit,  the  oil  engine  and  its  pump,  was  set  upon 
its  foundations  about  August  20,  and  began  pumping  on  August  25. 
At  this  time  the  building  foundation  wall  only  had  been  completed, 
and  to  prevent  damage  from  the  weather,  the  engine  flywheel  and 
the  belt  were  covered  with  a  shed  constructed  of  boards  and  building 
paper  which  protected  the  apparatus  until  the  building  was  under 
roof.  The  air  compressors  were  installed  during  the  last  week  in 
August  and  the  first  compressor  began  pumping  September  1.  The 
first  electric  driven  pump  went  into  service  August  31. 

When  pimiping  operations  began,  the  fiUing  around  the  reservoir 
was  not  entirely  completed,  and  the  plant  started  with  about  5  feet 
of  water  in  the  reservoir.  This  was  gradually  increased  as  the 
embankment  was  completed. 

Storage  of  water.  A  storage  reservoir  was  adopted  intermediate 
between  the  low  Uf t  and  high  Uf t  pumps,  in  order  that  the  well  sys- 
tem might  be  operated  as  nearly  at  a  uniform  rate  as  possible,  thus 
providing  a  surplus  of  water  so  that  the  high  Uft  pimips  might  fol- 
low the  fluctuating  rates  of  water  consumption.  This  reservoir  also 
serves  as  a  reserve  which  can  be  drawn  upon  for  fighting  fires.  A 
circular  concrete  reservoir  16  feet  deep  containing  300,000  gaUons 
was  built  for  this  intermediate  storage. 

While  the  average  water  consumption  of  the  camp  should  not 
much  exceed  2,000,000  gallons  per  day,  the  rate  of  use  at  certain 
hours  will  probably  greatly  exceed  the  ordinary  uses  of  a  city,  for 
the  reason  that  all  inhabitants  of  the  camp  will  be  subject  to  the 
same  rules  as  to  the  time  of  arising  in  the  morning,  meal  hours  and 
going  to  bed  at  night.  For  this  reason  the  use  of  water,  particularly 
at  meal  times,  is  very  great,  reaching  as  high  a  rate  as  6,000,000 
gallons  in  twenty-four  hours. 

In  order  that  these  reasonable  fluctuations  in  demand  may  be 
taken  care  of  without  an  excessive  installation  of  machinery,  pipes 
and  water  supply,  it  was  thought  to  be  desirable  to  install  an  ele- 
vated tank  which,  during  the  peak  of  the  water  "demand,  can  feed 
the  system  from  the  center,  thus  more  than  doubling  the  available 
capacity  of  pimiping  machinery  and  distribution  pipes. 

Accordingly,  a  contract  was  entered  into  about  July  10  with  the 
Chicago  Bridge  and  Iron  .Works  for  furnishing  and  erecting  an  ele- 
vated tank  of  300,000  gallons  capacity,  140  feet  high,  from  plates  in 
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stock.  This  company  agreed  to  complete  its  work  by  September  15, 
and  it  was,  therefore,  expected  that  it  would  be  necessary  to  operate 
the  water  supply  by  direct  pressure  for  about  two  weeks.  The  tank 
was  delivered  on  the  ground  and  erection  started  on  July  28,  and 
by  the  use  of  a  double  force  and  work  during  practically  all  of  the 
daylight  hours,  the  erection  was  completed  on  August  20,  five  days 
in  advance  of  the  completion  of  the  pipe  Une  which  permitted  the 
delivery  of  the  water  to  the  camp. 

DistribiUion  system.  It  was  early  appreciated  that  the  water  dis- 
tribution system,  involving  16  miles  of  mains  and  20  miles  of  service 
pipes,  would  require  a  very  prompt  deUvery  of  materials  and  con- 
centrated work  to  permit  suppl3dng  water  to  the  troops  on  Septem- 
ber 1.  For  numerous  reasons  it  was  decided  at  Washington  that  so 
far  as  possible  the  water  pipes  should  be  made  of  wood. 

The  wood  pipe  originally  reserved  for  Camp  Grant  was  rejected 
and  the  order  cancelled.  A  rush  order  for  wood  pipe  was  then 
placed  with  Pacific  Coast  mills,  and  to  escpedite  construction  about 
half  the  order  for  10-inch  pipe  was  placed  with  cast  iron  pipe  fac- 
tories and  shipped  from  Scottdale,  Pa.  Later,  to  facilitate  con- 
struction, an  additional  order  was  placed  for  about  3700  feet  of 
10-inch  cast  iron  pipe  shipped  from  Ohio,  and  still  later,  authoriza- 
tion was  granted  to  purchase  10,000  feet  of  8-inch  cast  iron  pipe  to 
be  shipped  from  Ohio  stock  to  hasten  the  completion  of  the  pipe 
lines. 

The  valves  and  hydrants  reserved  for  Camp  Grant  were  provided 
with  the  standard  bell  ends  ccunmon  in  water  works  practice.  The 
wooden  pipe  reserved  for  this  camp  was  connected  by  means  of  a 
tenon  and  a  double  hub  coupling,  the  tenon  being  driven  into  the 
hub  of  the  coupling.  Where  special  fittings  or  valves  were  con- 
nected to  wooden  pipes,  or  where  wooden  pipes  were  connected  to 
iron  pipes,  a  special  form  of  fittings  was  necessitated.  The  manu- 
facturer with  whom  the  original  pipe  order  was  placed,  recom- 
mended cast  iron  fittings  with  machined  hubs  of  such  size  as  to  fit 
the  tenon  on  the  wood  pipes,  and  fittings  of  this  kind  were  specially 
made  for  the  work. 

Upon  the  delivery  of  the  wooden  pipe  from  the  Pacific  Coast  it 
was  found  that  the  tenons  were  too  small  to  make  a  tight  joint 
in  the  machined  hubs  purchased  to  use  with  the  wood  pipe  originally 
ordered.  This  diflSculty  was  overcome  by  isawing  oflf  the  spigots 
upon  certain  of  the  pipe  and  cutting  a  new  spigot  on  the  ground 
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after  unwinding  a  few  strands  of  the  banding.  Later  in  the  work  it 
was  found  that  a  passable  joint  could  be  made  with  a  standard 
water  pipe  fitting  without  machining,  and  a  large  number  of  such 
joints  were  used. 

The  lack  of  water  pipe  during  July  and  the  early  part  of  August 
made  it  poJBsible  to  concentrate  the  work  of  the  trenching  machines 
on  sewer  pipe  la3ring.  Early  in  August,  however,  when  the  sewers 
were  nearing  completion,  it  became  necessary  to  utilize  a  part  of 
the  trenching  machines  on  water  pipe,  and  accordingly,  several 
miles  of  water  pipe  ditches  were  opened,  and  stood  open  until  pipe 
arrived. 

The  first  water  pipe  reached  Camp  Grant  August  14.  Consider- 
able difficulty  had  arisen  in  holding  experienced  pipe  layers  on  ac- 
count of  the  delayed  delivery  of  the  pipe,  but  as  rapidly  as  possible, 
the  gangs  were  reorganized.  On  August  25,  the  pipe  line  between  the 
pumping  station  and  the  elevated  tank,  about  6000  feet  in  length, 
was  completed,  and  tibe  water  was  turned  in.  Since  this  date  the 
camp  has  been  continuously  supplied. 

On  August  31,  pipe  lines  with  attached  hydrants  had  been  extended 
through  the  northwest  and  southwest  wings  of  the  camp,  and 
moderately  good  fire  protection  was  afforded  to  every  part  of  the 
camp  where  buildings  were  completed.  On  this  date,  6  miles  of 
water  mains  were  in  place,  and  5  miles  of  water  service  pipes.  By 
September  12,  about  70  per  cent  of  the  pipe  lajdng  had  been  done, 
and  sliortly  after  the  middle  of  the  month  there  only  remained  to 
lay  the  pipe  suppl3ring  the  stables,  not  then  authorized,  and  the 
additions  to  the  camp  occasioned  by  the  remount  station  and  the 
training  battalion.  This  work  was  completed  during  the  very 
unseasonable  month  of  October. 

DiffimUiea.  It  must  not  be  assumed  that  the  work  was  carried 
through  without  difficulties  or  disappointments.  This  was  far  from 
the  facts.  Although  everyone  tried  to  anticipate  difficulties  and 
provide  for  them  in  advance,  there  were  few  days  during  the  first 
SIX  weeks  when  something  wholly  unexpected  and  detrimental  to 
progress  did  not  arise.  Space  will  not  permit  recording  them  here, 
but  they  were  real  difficulties  at  the  time,  and  that  some  of  them 
did  not  defeat  the  purpose  of  the  work  is  due  to  the  superintendents 
and  foremen,  who  displayed  great  resourcefulness  in  emergencies. 

Early  in  the  work,  before  everyone's  powers  and  duties  were 
clearly  understood,  there  was  much  in  the  way  of  chasing  up  blind 
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alleys  and  coming  out  again  before  the  right  path  was  found  The 
good  nature  displayed  by  everyone  in  these  encoimters  was  surpris- 
ing. In  fact|  it  was  a  feature  of  the  work  from  first  to  last,  that  in 
case  of  error  everyone  searched  for  the  remedy  rather  than  a  ''goat" 
to  place  the  blame  upon,  and  it  was  this  spirit  among  the  men 
engaged  that  made  this  strenuous  work  a  pleasure. 
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PROGRESS  REPORT  OF  THE  COMMITTEE  ON  SANITARY 
DRINKING  FOUNTAINS^ 

In  response  to  the  active  popular  demand  a  large  number  of 
manufacturers  are  now  offering  for  sale  so-called  sanitary  drinking 
fountains.  This  means  that  a  very  wide  variety  of  types  of  foun- 
tains is  now  available.  In  any  town  or  city  many  different  types  will 
probably  be  found.  In  a  recent  investigation  at  the  University  of 
Minnesota  out  of  77  di-inking  foimtains  15  different  types  were 
found.  Two  general  classes  of  fountains  are  now  on  the  market, 
the  intermittent  flow  type  and  the  continuous  flow  type.  Each  of 
these  general  classes  may  again  be  subdivided  into  two  subclasses: 
those  with  suitable  mouth  guards  and  those  without  suitable  mouth 
guards. 

Most  of  the  foimtains  now  available  seem  to  have  been  designed 
with  reference  to  appearance  rather  than  to  the  laws  of  sanitary 
science.  Although  many  of  the  fountains  are  extremely  neat  and 
attractive  in  appearance,  nevertheless  with  a  little  thought  they 
will  be  found  to  provide  small  security  against  the  transmission  of 
contagious  diseases.  Some  of  the  fundamental  principles  which 
most  fountains  violate  are  as  follows: 

First,  the  foimtain  should  be  so  designed  that  the  lips  of  the 
drinker  may  not  touch  the  metal  top  of  the  bubbler.  In  spite  of 
this  self-evident  fact,  it  was  discovered  last  year  in  a  canvass  of  the 
catalogs  of  39  manufacturers  that  only  6  of  them  appreciated  the 
importance  of  this  detail,  since  only  6  of  these  39  provided  suitable 
mouth  guards  for  all  of  their  fountains. 

In  order  to  demonstrate  the  need  of  mouth  guards,  your  com- 
mittee employed  an  observer  to  inspect  the  use  made  of  two  foun- 
tains without  mouth  guards.  One  fountain  was  of  the  continuous 
flow  type  with  a  bubble  f  inch  in  height.  It  was  located  in  a  public 
library.  During  the  period  of  observation  59  persons  drank  from 
the  fountain,  22  of  whom  were  children,  and  37  adults.  Of  the  22 
children,  15  placed  their  lips  upon  the  metal  top  of  the  bubbler  in 

*  Read  before  the  Iowa  Section  at  its  annual  meeting,  October  10-12,  1917, 
at  Council  Bluffs. 
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drinking,  while  7  did  not.  Of  the  37  adults,  28  placed  their  lips 
upon  the  metal  top,  while  only  9  did  not.  One  adult  had  an  erup- 
tion upon  the  face,  and  one  was  apparently  in  bad  general  health. 

The  second  fountain  was  of  the  intermittent  flow  t3rpe  with  a 
bubble  i  inch  in  height.  It  was  located  at  a  street  comer.  During 
the  period  of  the  observation  43  persons  drank.  One  was  a  small 
child  that  had  to  be  held  up  in  order  to  drink.  This  child  placed 
its  lips  upon  the  metal  top  of  the  bubbler.  Of  the  remaining  42 
persons,  18  were  children,  and  24  adults.  Ten  of  the  18  children 
placed  their  lips  upon  the  metal  top,  while  8  did  not.  One  of  these 
children  was  apparently  in  bad  general  health.  Nine  of  the  24 
adults  placed  their  Ups  upon  the  metal  top,  while  15  did  not. 

Such  facts  are  conclusive  evidence  of  the  need  of  mouth  guards. 
Any  observer  may  easily  obtain  his  own  evidence  of  this  need  by 
watching  the  use  made  of  fountains  without  mouth  guards  in  his 
own  town. 

Second,  no  foimtain  should  be  so  designed  that  the  incoming 
bubble  of  water  passes  through  a  cup  of  contaminated  water  which 
cannot  drain  out.  Many  of  the  new  drinking  fountains  in  the  State 
of  Iowa  are  of  this  type.  Actual  experiment  has  found  that  when 
coloring  matter  is  added  to  these  cups,  it  is  retained  for  long  periods 
of  time  before  the  fresh  bubble  passing  up  through  the  cup  of  water 
has  removed  all  of  the  stain.  Of  course  the  bacteria  from  the  Ups  of 
the  drinker  may  readily  faU  back  with  the  escaping  water  into  the 
cup  and  seriously  contaminate  it.  Such  a  contamination  would 
exist  for  a  long  period  of  time  before  all  traces  of  it  had  disappeared. 

Third,  in  the  case  of  bubble  fountains  without  mouth  guards  no 
effort  seems  to  be  exerted  to  maintain  a  height  of  bubble  sufficient 
to  permit  easy  drinking  without  resting  the  lips  directly  upon  the 
metal  top  of  the  bubbler.  This  is  usually  the  fault  of  the  owner 
of  the  bubbler  and  not  of  the  manufacturer.  It  may,  however,  be  the 
fault  of  the  manufacturer  in  case  he  has  not  provided  a  pressure 
regulator  which  is  so  designed  that  an  ample  height  of  bubble  will  be 
maintained  for  ordinary  variations  in  pressure  in  the  service  pipe  of 
the  fountain.  This  is  an  especially  important  point  in  the  case  of 
school  buildings  where  at  recess  times  or  between  classes  large  num- 
bers of  fountains  are  in  use  at  the  same  time.  This  lowers  the  pres- 
sure in  the  service  pipes  considerably  and  a  well  designed  pressure 
regulator  on  each  fountain  becomes  an  absolute  necessity. 

Fourth,  fountains  should  be  so  designed  that  the  water  which 
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has  touched  the  lips  of  the  drinker  cannot  be  retained  by  the  foun- 
tain long  enough  to  endanger  the  next  drinker.  With  the  present 
vertical  jet  type  of  fountain,  if  it  is  designed  upon  the  intermittent 
flow  principle,  when  the  flow  is  stopped  after  a  drinker  is  through,, 
the  water  in  contact  with  the  lips  falls  back  upon  the  top  of  the 
bubbler.  If  the  bubbler  is  then  in  the  act  of  draining  out,  some  of 
the  contaminated  water  may  be  drawn  within  the  bubbler  itself.  In 
any  case,  it  runs  over  the  smf ace  of  the  bubbler,  making  it  possible 
to  deposit  thereon  disease  germs  or  particles  of  mucous  membrane. 
In  the  case  of  vertical  jet  fountains,  designed  upon  the  continuous 
flow  principle,  it  would  seem  at  first  thought  that  no  danger  of  this 
kind  would  exist.  Of  course  such  a  fountain,  if  it  had  an  undrained 
cup,  might  violate  the  second  principle  of  design  noted  above  and 
be  a  continual  source  of  danger. 

The  following  question,  however,  is  not  yet  satisfactorily  an- 
swered: Is  a  properly  designed,  continuous  flow,  vertical  jet  fountain 
dangerous,  and  if  so,  why?  Experiments  upon  such  a  fountain, 
made  in  the  laboratory  of  medical  bacteriology  at  the  University 
of  Wisconsin  in  1915  shows  real  danger.  The  bubbler  tested  was 
an  ordinary  continuous  flow  type,  consisting  of  a  perforated  top 
which  screwed  into  the  center  of  a  hollow  metal  bulb.  The  experi- 
menters washed  out  their  mouths  with  suspensions  of  B.  prodigiosus, 
and  then  without  touching  the  metal  portions  of  the  fountain,  drank 
from  a  bubble  2  to  3  cm.  in  height.  In  one  case  the  bacteriimi  thus 
introduced  was  recovered  after  one  hundred  and  thirty-five  minutes. 
The  average  maximiun  length  of  time  which  the  bubble  retained  the 
organisms  was  twenty-five  minutes.  The  reason  why  these  or- 
ganisms were  retained  for  so  long  a  time  has  not  been  demonstrated. 
The  theory  has  been  propounded  that  these  organisms  danced  upon 
the  colunm  of  water  much  as  a  ball  dances  upon  the  top  of  a  gar- 
den foimtain.  It  seems  to  your  committee  that  more  experimental 
evidence  is  necessary  in  order  to  show  that  the  continuous  flow,  ver- 
tical jet  type  of  fountain,  if  properly  designed,  is  so  dangerous  as 
this  one  set  of  experiments  seems  to  prove.  Accordingly  your  com- 
mittee would  ask  that  it  be  continued  another  year  in  the  hope 
that  it  m^y  find  the  time  to  conduct  a  series  of  experiments  along 
this  line. 

So  far  as  your  committee  is  aware  only  4  manufacturers  have  as 
yet  realized  the  dangers  lurking  in  the  vertical  jet  type  of  fountain. 
Within  the  past  few  weeks  one  of  these  manufacturers  has  placed 


Digitized  by  VjOOQIC 


BAim-ART  DRINKING   FOUNTAINS  113 

upon  the  market  a  new  type  of  nozzle.  This  nozzle  throws  a  jet 
at  a  slant  and  the  nozzle  itself  is  so  protected  that  it  cannot  be 
contaminated.  The  nozzle  is  designed  after  the  drawing  by  H.  A. 
Whittaker,  Director,  Division  of  Sanitation,  Minnesota  State  Board 
of  Health,  published  in  the  Public  Health  Reports,  vol.  32,  no.  19, 
p.  695,  May  11,  1917. 

The  laboratory  investigations  thus  far  have  all  shown  the  in- 
herent danger  of  the  vertical  type  of  bubbler.  The  experiments  at 
the  University  of  Wisconsin  on  one  occasion  showed  43  out  of  77 
bubble  fountains,  or  55.8  per  cent,  to  be  contaminated  with  strep- 
tococci. On  a  second  occasion  35  out  of  50  fountains  were  found 
to  be  contaminated  with  streptococci,  70  per  cent  of  the  total.  The 
immediate  occasion  for  starting  these  investigations  at  the  Univer- 
sity of  Wisconsin  was  an  epidemic  of  streptococcus  tonsilitis  which 
occurred  in  the  fall  of  1914  in  one  of  the  women's  donnitories.  In 
seeking  to  find  the  soinrce  of  the  spread  of  this  epidemic  the  drinking 
foimtains  were  examined  and  found  to  be  heavily  contaminated  with 
streptococci.  Similar  investigations  at  the  University  of  Minnesota 
found  that  of  the  77  drinking  fountains  in  use  80  per  cent  were  in- 
fected with  streptococci. 

A  bibliography  is  appended  to  this  report,  giving  all  the  references 
to  papers  on  sanitary  drinking  fountains  with  which  your  committee 
is  acquainted. 

Conclusions.  First,  all  drinking  fountains  should  have  suitable 
mouth  guards.  Second,  3anitary  fountains  of  the  intennittent  flow 
type  with  the  vertical  jet  are  unqualifiedly  condemned.  Third, 
sanitary  drinking  fountains  of  the  continuous  type,  with  a  vertical 
jet,  even  when  properly  designed,  would  seem  to  be  possible  factors 
in  the  spread  of  contagious  disease,  if  the  Wisconsin  laboratory  ex- 
periments are  confirmed  by  further  tests.  Fourth,  the  slanting  jet 
type  of  fountain  with  the  nozzle  properly  protected  is  perfectly  safe, 
simple  in  design,  and  inexpensive  to  purchase.  A  design  is  already 
on  the  market  which  may  be  attached  to  any  of  the  present  t3rpe  of 
drinking  fountains.  Fifth,  your  committee  asks  to  be  continued  in 
order  tiiat  it  may  make  further  investigations,  particularly  with 
reference  to  continuous  flow  bubblers  of  the  vertical  type. 
Respectfully  submitted, 

J.  H.  DuNLAP,  Chairman, 
HsNBT  Albebt, 
Jack  J.  Hinman,  Jb. 
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CENTRIFUGAL  PUMPS^ 
By  E.  C.  York 

The  trend  of  the  times  in  power  plant  equipment  shows  plainly  a 
movement  from  the  reciprocating  toward  the  rotary  type  of  ma- 
chine,  whether  tm*bine,  motor,  blower  or  pump.  The  centrifugal 
pump  is  one  of  the  important  developments  in  this  evolution.  Its 
low  initial  cost,  small  repair  charges,  durabihty,  and  high  pumping 
elasticity,  compel  instant  recognition.  But  if  there  is  one  machine 
which  demands  a  full  knowledge  of  its  peculiar  limitations,  it  is  the 
centrifugal.  A  single  pump  used  at  constant  speed  for  a  wide 
range  of  capacity  and  hft  is  inefficient  and  unreUable,  for  the  cen- 
trifugal pump  gives  its  best  results  only  when  intelligently  designed 
for  each  specific  condition  of  operation,  in  accordance  with  the  re- 
sults of  years  of  careful  experimentation  and  consequent  improve- 
ment. This  evolution  enables  the  manufacturer  to  guarantee 
better  results  than  have  hitherto  been  practicable,  particularly  as 
regards  the  multi-stage  or  high-lift  pumps,  which,  as  now  made, 
are  adaptable  for  many  purposes  not  hitherto  considered  the  field 
of  centrifugal  pumps.  By  reason  of  compactness,  elasticity  and 
high  power,  they  afford  a  solution  of  pumping  problems  perplexing 
many  engineers  and  their  use  makes  it  possible  to  materially  reduce 
pumping  costs. 

The  first  centrifugal  pumps  had  impellers  with  single  radial  wings, 
and  these  have  developed  into  the  more  efficient  enclosed  or  shrouded 
impellers.  The  combination  of  two  or  more  separate  centrifugal 
pumps  in  series,  each  discharging  into  the  suction  of  the  succeeding 
one,  is  not  new,  and  very  satisfactory  results  have  been  obtained 
for  some  time  with  this  arrangement.  It  does  away  with  the  divi- 
sion sleeve  between  the  first  and  second  stage  impeUers,  which  is  a 
source  of  a  very  large  percentage  of  loss,  for  this  sleeve  becomes 
worn  rather  rapidly.  There  is  no  way  to  take  up  this  leak  except 
to  remove  the  sleeve  and  replace  it  with  a  new  one  with  new  bush- 

'Read  before  the  Minnesota  Section  April  21 »  1917. 
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ing,  which  at  the  present  cost  of  bronze  metal  is  a  somewhat  expensive 
job. 

When  purchasing  a  centrifugal  pump  there  are  five  points  of  prime 
importance  which  every  buyer  should  investigate  most  thoroughly: 

1.  Reliability  of  the  pump  in  service. 

2.  Efficiency,  including  provisions  for  maintaining  the  original 
efficiency. 

3.  Life  of  the  pump,  or  its  ability  to  resist  wear  and  corrosion, 
and  the  ease  and  cost  of  repairs  when  deterioration  occurs. 

4.  Accessibility  of  all  internal  parts  and  ease  with  which  inspection 
or  repairs  can  be  made  without  special  tools. 

5.  Methods  of  manufacture,  reliability  of  guarantees,  accurate 
test  and  general  service  given  by  the  pump  manufacturer. 

It  is  quite  evident  that  several  of  these  factors  are  in  a  measure 
dependent  on  others,  and  also  that  a  pump  to  give  the  best  pos- 
sible results  must  combine  all  five  of  them.  In  the  selection  of 
hardly  any  other  cla^  of  mechanical  equipment  do  all  these  con- 
siderations need  more  careful  attention  on  the  part  of  the  pur- 
chaser than  in  the  case  of  pumps,  for  the  reason  that  a  madiine 
handling  water  or  other  liquids  must  resist  not  only  the  usual 
mechanical  wear  but  also  the  corrosive  and  erosive  action  of  the 
liquid. 

Reliability  of  operation  and  a  constant  and  adequate  supply  of 
water  are  of  great  importance  in  any  water  supply  S3rstem.  It  is 
therefore  essential  that  the  machine  be  one  that  will  operate  con- 
tinuously without  shut-downs  or  dela3rs  from  mechanical  troubles, 
and  one  that  will  not  require  constant  and  expert  attention  on  the 
part  of  the  operators.  In  the  design,  the  question  of  reliability 
should  be  given  first  consideration,  and  each  and  every  part  should 
be  so  made  that  its  operation  is  certain  and  dependable.  The  bear- 
ings should  be  large  and  carefully  made,  and  the  arrangement  for 
lubrication  should  be  given  particular  attention.  Balance,  both 
mechanical  and  hydraulic,  should  be  adequately  provided  for  in 
order  to  avoid  the  gradual  deterioration  alwa3rs  resulting  where 
there  is  vibration.  All  parts  of  the  machine  should  be  made  of 
such  materials  and  of  such  strength  that  they  are  rugged  and 
suitable  for  continuous  operation  for  long  periods. 

The  efficiency  of  a  pump,  or  in  fact  of  any  machine,  is  of  im- 
portance. The  life  of  a  pump  is  measured  not  only  by  its  abiUty  to 
resist  wear  and  deterioration  but  also  by  the  ease  and  convenience 
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with  which  it  may  be  repaired  and  thus  restored  to  its  original 
efficiency.  High  efficiency  maintained  for  a  short  time  is  of  no 
particular  value,  as  true  economy  is  a  matter  not  only  of  the  initial 
efficiency,  but  also  of  the  ability  of  the  machine  to  maintain  this 
efficiency,  and  of  the  ease,  convenience  and  cost  with  which  the 
owner  can  re-establish  the  efficiency  after  the  machine  has  been  in 
operation  for  such  time  as  necessarily  causes  parts  to  become  worn 
or  damaged.  The  question  of  accessibility  is  thus  coupled  with 
that  of  efficiency,  for  the  reason  that  the  machine  that  is  easily 
accessible  is  more  likely  to  be  inspected  from  time  to  time  by  the 
operator,  so  that  its  interior  condition  will  become  known. 

The  design,  workmanship  and  materials  employed  in  a  pump 
should  be  such  that  the  original  efficiency  will  be  maintained  for  the 
longest  possible  period.  For  this  reason,  the  engineer  should  not 
reconunend  cast  iron  impellers,  because  such  impellers  are  corroded 
rapidly  and  wear  much  faster  than  the  bronze  impeller,  resulting 
in  a  marked  decrease  in  efficiency.  As  the  working  member  of  the 
pump  the  impeller  exercises  the  greatest  influence  upon  the  effi- 
ciency. It  must  be  properly  designed,  with  correct  surfaces  and 
smooth  finish,  and  it  must  be  of  material  which  will  withstand  wear 
and  maintain  the  original  form  and  smoothness.  The  t3rpe  used  in 
centrifugal  pumps  should  be  the  inclosed  or  shrouded  impeller,  in 
which  the  blades  are  located  between  side  plates,  forming  inclosed 
passages. 

The  type  of  wearing  ring  is  also  of  great  help  in  maintaining  the 
original  efficiency.  The  greatest  leakage  occurring  in  a  centrifugal 
pump  is  from  the  discharge  chamber  to  the  suction  chamber,  be- 
tween the  impeller  and  the  casing.  Leakage  at  this  point  is  not 
ordinarily  detected,  even  when  excessive,  and  in  many  pumps, 
causes  a  considerable  reduction  in  the  pump  capacity  and  efficiency. 
Ordinarily  this  joint  is  formed  between  cylindrical  surfaces  concen- 
tric with  the  shaft;  the  leakage  path  is  therefore  straight  and  pre- 
sents little  resistance  to  the  flow,  and  the  clearance  space  discharges 
as  much  water  as  would  an  ordinary  plain  orifice  of  the  same  area 
subjected  to  the  same  pressure  difference.  The  engineer  should 
realize  the  great  practical  advantages  to  be  secured  by  reducing  the 
leakage  in  centrifugal  pumps  as  much  as  possible. 

Very  desirable  results  have  been  obtained  by  the  labyrinth  type 
of  division  rings,  consisting  of  two  removable  rings,  one  attached 
to  the  pump  casing  and  the  other  to  the  revolving  impeller.    Each 
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ring  should  be  made  to  standard  gages  so  that  it  can  be  replaced 
without  fitting.  The  intermeshing  grooves  form  a  labyrinth,  or 
tortuous  passage,  through  which  the  water  must  pass  in  order  to 
escape  from  the  discharge  to  the  suction  chamber.  The  many- 
bends  in  the  path  of  the  water  create  additional  resistance  to  its 
passage,  which,  with  the  greater  absolute  length  of  the  path,  greatly 
reduces  the  leakage  as  compared  with  that  with  straight  rings. 
The  rings  should  be  of  bronze,  the  same  material  as  the  impeller. 

Manufacturers  have  abandoned  the  use  of  diffusion  vanes,  as  it 
was  found  that  they  deteriorate  rapidly,  which  results  in  marked 
decrease  in  eflBiciency.  They  greatly  complicate  the  interior  of  the 
pump,  introduce  a  number  of  separate  pieces  and  internal  joints, 
rapidly  become  worn  and  eroded,  particularly  at  the  tips  (which 
should  be  finely  formed)  and  are  ruined  by  solid  bodies,  such  as 
stones,  sticks  or  gravel,  jamming  between  the  tips  of  ihe  blades  and 
the  pump  impeller. 

Efficient,  reliable  and  accurate  methods  of  manufacture  by  a 
builder  of  centrifugal  pump  equipment  are  of  value  to  a  piut^haser 
in  many  wa3rs.  The  essence  of  the  matter  is  that  high  grade  ma- 
chines can  be  produced  only  by  a  shop  using  high  grade  methods, 
tool  equipment,  inspection  and  testing.  Neglect  of  these  vital 
matters  may  entail  heavy  expense  and  great  annoyance  later,  which 
will  far  offset  any  possible  saving  in  first  cost.  High  grade  work- 
manship and  materials  are  not  necessary  for  the  successful  initial 
mechanical  operation  of  a  centrifugal  pump,  but  they  are  essential 
to  long  life  and  maintenance  of  efficiency  and  are  thus  of  great  im- 
portance in  future  years. 

In  1910,  the  management  of  the  Minneapolis  water  department 
decided  to  increase  its  pumping  capacity.  To  this  end,  a  thorough 
study  was  made  of  different  types  of  pumps.  The  Minneapolis 
General  Electric  Company  submitted  a  proposition  to  furnish  elec- 
tric power  for  an  electrically  driven  pump  on  an  "off  the  winter 
peak  load  basis,"  which  included  the  months  of  November,  Dec«n- 
ber,  January  and  February  only,  at  a  flat  rate  of  $4  per  1,000,000 
gallons  pumped  to  the  reservoir  against  a  total  head  of  240  feet, 
with  a  combined  motor  and  pump  efficiency  of  72  per  cent. 

Largely  on  account  of  this  offer,  the  Water  Department  asked 
for  bids  on  two  20,000,000  gallon  two-stage  electrically  driven  cen- 
trifugal pumping  units,  and  also  on  one  20,000,000  gallon  vertical 
triple  expansion  pumping  engine.    The  bids  received  on  the  triple 
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expansion  engine  varied  from  $88,000  to  $106,000.  The  Henry  R. 
Worthington  Company's  bid  of  $28,665  was  accepted  for  two 
20,000,000  gallon  electrically  driven,  two-stage  pumps  of  the  single 
casing  type.  The  contract  specified  that  each  two  pump  was  to  be 
driven  by  a  1200  horse-power,  60-cycle,  three-phase,  2200-volt,  slip 
ring  induction  motor,  with  an  efficiency  on  full  load  of  at  least  94 
per  cent.  The  rise  in  temperature  of  any  part  of  the  motor,  after  a 
fuU  load  run  of  twenty-four  hours,  should  not  be  more  than  40*C.  The 
combined  pump  and  motor  efficiency  was  guaranteed  at  76  per  cent. 

The  Miimeapolis  General  Electric  Company  signed  a  ten  year 
contract  to  furnish  power  at  the  price  mentioned.  The  two  pumps 
were  turned  over  to  the  city  in  April,  1912,  and  have  been  in  con- 
stant service  since,  except,  of  course,  for  the  necessary  time  for  re- 
pairs. The  pump  at  the  Northeast  Station  has  been  running  three 
years  without  a  single  shut-down  for  repairs  and  with  only  about  1 
per  cent  reduction  in  efficiency  in  three  years.  The  Camden  Station 
pump,  however,  has  had  to  be  overhauled  annually  on  account  of 
sandy  water,  which  causes  a  drop  in  efficiency  of  about  5  per  cent  a 
year.  On  this  account  it  is  very  necessary  to  make  provision  for 
renewing  or  repairing  the  wearing  or  division  rings. 

It  has  been  found  practicable,  when  the  ring  or  the  impeller  be- 
comes worn  enough  to  require  renewing,  to  take  the  impeller  out, 
face  the  surface  in  a  lathe,  and  renew  the  ring  in  the  pump  casing 
to  fit  the  turned  down  impeller.  The  old  set  is  put  away  for  future 
use,  and  when  the  impeller  ring  is  worn  enough  so  that  it  will  not  admit 
of  further  wear,  it  is  faced  for  the  last  time,  a  resurfacing  ring  shnmk 
on  to  take  the  wear,  the  old  set  of  casing  rings  bored  to  fit,  and  prac- 
tically a  new  pump  results.  The  tips  of  the  impellers  do  not  wear 
enough  to  affect  the  efficiency  of  the  pump  and  the  casing  shows  no 
material  wear. 

It  is  worth  while  to  give  the  stuffing  boxes  some  attention,  es- 
pecially where  there  is  sand  or  grit.  The  difficulty  has  been  over- 
come at  Minneapolis  by  using  filtered  water  to  seal  the  glands. 

The  operation  of  the  centrifugal  pumps  has  shown  a  considerable 
saving  over  the  triple  expansion  units  in  the  items  of  labor  and 
maintenance.  This  saving  was  estimated  at  the  time  of  installa- 
tion as  possibly  $10,000  a  year;  five  years'  experience  has  proved  the 
saving  even  higher  than  originally  estimated.  It  amounts  prac- 
tically to  $1.50  per  1,000,000  gallons  pumped  to  the  reservoir,  or 
about  $15,000  per  year,  according  to  present  rate  of  consumption. 
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METHODS  OF  DETERMINING  AND  PLOTTING  METER 
CAPACITIES  AND  SOME  RESULTS* 

By  Fred  B.  Nelson 

The  relative  merits  of  meters  may,  in  general,  be  shown  by  a  com- 
parison of  their  accuracy,  sensitiveness,  durability  and  capacity. 

Accuracy  is  an  important,  in  fact,  an  essential  feature  easUy  de- 
termined by  test  and  the  only  one  to  which  the  average  city  gives 
serious  consideration.  Yet  there  is  hardly  a  meter  on  the  market 
that  cannot  meet  the  usual  accuracy  requirements,  particularly  the 
positive  displacement  t3rpe  of  meter  in  which  accuracy,  only,  calls  for 
little  refinement  of  design  beyond  an  accurate  fit  of  the  piston  in 
its  chamber.  The  feature  of  accuracy,  therefore,  gives  very  little 
as  a  basis  of  comparison  of  the  different  makes  and  types  and  creates 
little  or  no  competition. 

Sensitiveness  or  ability  to  register  low  flows  is  a  feature  which  rep- 
resents revenue  in  the  registration  of  the  small  and  often  continuous 
flows  which  exist  on  nearly  all  classes  of  services,  and  is  a  feature  in 
which  the  different  makes  and  types  differ  more  and  upon  which 
more  competition  could  be  established  by  city  requirements. 

Durability  is  not  so  susceptible  of  determination  by  test,  but  ac- 
celerated tests  can  be  arranged  which,  in  a  short  time,  will  more  or 
less  duplicate  the  service  wear  of  years,  and  in  justice  to  the  efforts 
of  meter  companies  in  putting  out  durable  products,  greater  recogni- 
tion of  this  quality  should  in  some  way  be  made  by  more  specific 
requirements. 

Capacity f  the  foiu1;h  feature,  is  one  which  is  susceptible  of  exact 
determination  and  one  in  which  surprising  differences  are  revealed 
between  the  different  makes  in  the  same  size  and  often  between  the 
proportional  capacities  of  the  different  sizes  of  the  same  make. 
It  is  a  feature  which  has  a  direct  bearing  on  the  service  pressures 
maintained  and  requires  careful  and  intelligent  designing  if  high 
capacity  and  relatively  low  loss  of  head  are  to  be  secured  and  the  other 
essential  features  retained.    Yet  it  is  a  feature  that  is  quite  generally 

^  Read  before  the  Richmond  Convention,  May  10, 1917. 
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ignored  and  little  incentive  is  held  out  to  meter  companies  to  perfect 
their  products  in  this  direction. 

Recent  meter  testing  of  the  department  of  water  supply,  gas  and 
electricity  of  New  York  has  been  conducted  with  considerable  atten- 
tion to  pressure  loss  and  capacity,  and  the  author  feels  that  certain 
features  of  the  methods  used  and  the  results  obtained  may  be  of 
interest. 

The  apparatus  used  consists  essentially  of  the  following:  A  mer- 
cury U-tube  so  connected  by  tubing  with  the  inlet  and  outlet  of  the 
meter  as  to  measure  directly  by  the  head  of  mercury  the  pressure 
loss  between  those  points  at  the  different  rates  of  flow;  tank  scales 
for  determining  by  weight  the  actual  volume  of  water  passed;  a 
regulating  valve  for  adjusting  rates  of  flow;  a  quick-acting  valve  for 
starting  and  stopping  the  tests  with  a  minimum  of  flow  below  the 
adjusted  rate;  and  a  stop  watch  for  the  accurate  determination  of 
the  duration  of  flow. 

The  three  elements,  pressure  loss,  volume  and  time  are  thus  ob- 
tained by  single  readings  of  apparatus  having  a  very  small  percent- 
age of  error  and  the  results  are  surprisingly  consistent.  The  use  of 
the  mercury  column  in  particular,  by  giving  one  direct  and  sensitive 
reading  of  the  pressure  difference,  eliminates  the  mechanical  inac- 
curacies of  pressure  gauges  and  many  possible  errors,  due  to  the 
attempt  to  make  simultaneous  observations  of  two  gauges,  apply 
corrections  and  substract  their  readings.  One  pound  per  square  inch 
of  pressure  corresponding  to  0.455  inch  of  mercury  deflection  enables 
a  very  accurate  direct  reading  of  the  pressure  loss  even  on  very  low 
flow,  which  could  hardly  be  taken  with  any  degree  of  accuracy  by 
subtracting  the  readings  of  two  gauges. 

Apparatus  embodying  these  features  was  assembled  and  used  by 
the  author  in  making  pressure-loss  tests  on  all  disc  meters  on  the 
New  York  approved  Ust  and  others  submitted  for  approval  in  all 
sizes  up  to  and  including  2  inches. 

In  studies  of  pressure  loss  and  capacity,  the  author  feels  that  it 
may  be  of  interest  to  call  attention  to  some  decided  advantages  in 
the  use  of  logarithmic  paper  in  plotting  pressure-loss  data  and  some 
features  of  pressure  loss  that  are  by  that  means  illustrated.  This 
paper  is  so  ruled  that  equal  distances,  horizontally  and  vertically, 
correspond  to  the  logarithms  or  powers  of  the  numbers  given  on  the 
ruling,  so  that  in  plotting  any  data  in  which  one  value  varies  as  a 
fixed  power  of  another,  the  graph  or  curve  is  that  of  the  constant 
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ratio  between  the  powers  of  the  indicated  values  and  is  therefore  a 
straight  Une. 

The  advantage  in  the  use  of  this  paper  in  plotting  pressure  loss  is 
due  to  the  fact  that  the  pressure  loss  in  meters  varies  very  closely 
as  the  square  of  the  discharge,  so  that  if  discharge  values  be  plotted 
horizontally  and  corresponding  pressure  losses  vertically,  the  points 
will  define  a  straight  line  having  a  slope  of  one  horizontal  to  two 
vertical.  From  this  it  follows  that  from  but  one  correct  determina- 
tion of  pressure  loss  at  any  given  rate  of  flow,  the  pressure  loss  of  all 
other  rates  of  flow  is  at  once  determined  by  drawing  a  straight  line 
through  the  one  plotted  point  at  this  2  to  1  angle  (compare  figs. 
1a  and  1  b). 
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Fig.  1  A.  Improvement  in  Capacitt  and  Decrease  of  Pressure  Loss 

Effected  by  Redbsiqninq  and  Enlarqinq  of  Waterways  withoitt 

Change  in  Disk  Size;  Proportional  Plotting 

The  slope  of  this  Kne  (2  to  1)  represents  the  general  law  of  pres- 
sure loss  in  disc  meters  and  is  therefore  the  same  for  all  makes  and  all 
sizes,  and  the  lines  or  graphs  for  individual  meters  of  all  makes  and 
sizes  are  parallel  (fig.  5) .  In  the  tests  made,  such  a  line  has  frequently 
been  drawn  from  a  determination  at  but  one  flow  and  afterward  a  dif- 
ferent desired  rate  of  flow  has  been  adjusted  to  within  1  or  2  per  cent 
by  a  turn  of  the  regulating  valve,  bringing  the  mercury  column  to 
the  pressure  loss  corresponding  to  the  intersection  of  that  Une  with 
the  desired  rate.  The  straight  line  also  serves  as  a  check  against  all 
errors  of  computation  or  reading  where  more  than  one  determina- 
tion of  pressure  loss  is  made,  as  the  points  must  theoretically  fall  on 
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a  straight  line  and  any  errors  in  results  are  at  once  conspicuous  by 
the  points  plotting  up  off  the  line. 

The  disadvantage  of  the  logarithmic  plotting  is  that  the  values 
are  not  shown  in  their  true  proportions.  Where,  however,  a  propor- 
tional curve  is  needed  it  can  easily  be  constructed  in  a  few  moments 


FiQ.  1  B.    Same  Data  as  Fiq.  1  Ar^Loganthmic  Plotting. 

by  plotting  any  desired  number  of  points  taken  from  the  logarithmic 
line,  with  a  consequent  saving  of  a  great  amount  of  time  otherwise 
required  to  obtain  a  suflScient  number  of  test  points  in  the  ordinary 
way,  including  the  essential  low  flows,  to  define  the  pressure  loss 
curve  well. 
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As  a  point  of  interest  the  slope  of  the  straight  line  graph  on 
logarithmic  paper  verifies  the  correctness  of  the  formula  that  fric- 
tion loss  varies  as  the  square  of  the  flow.  In  the  actual  tests  made 
this  has  been  indicated  to  vary  from  the  1.94th  power  to  the  2nd 
power  of  the  rate  of  flow. 
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Fio.  2  B.  Impbovbmsnt  in  Capacity  and  Dbcreabb  of  Pressurb  Loss 

Effbctbd  bt  Enlabqed  Waterways  in  Improved 

Commercial  Type,  Curve  C 

Convenient  use  may  be  made  of  the  logarithmic  method  of  plot- 
ting in  compariiig  the  relative  capacities  of  the  different  sizes  in  any 
one  make  (fig.  3 — A,  B,  C  and  D.  If  diameters  be  plotted  horizon- 
taDy  and  corresponding  areas  of  orifices  vertically,  the  plotted  points 
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Fig.  3  a.  Phopohtional  Capacitibs  of  Meters  at  10  Poxtnds  Pressure 

Loss  Compared  with  Proportional  Discharge  op  Similar  Sized 

Orifices  under  Fixed  Head;  Well-Pro  portioned  Meter 

OF  High  Capacity 
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Fig.  3  b.  Proportional  Capacities  of  Meters  at  10  Pounds  Prbssubb 

Loss  Compared  with  Proportional  Discharge  of  Similar  Sized 

Orifices  under  a  Fixed  Head;  Well  Proportioned  Meter 

OF  Low  Capac'ty 
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Fig.  3  c.  Proportional  Capacities  op  Meters  at  10  Pounds  Prbbsubs 

Loss  Compared  with  Proportional  Discharge  of  Similar  Sized 

Orifices  under  a  Fixed  Head 

Hie  full  line  shows  the  present  proportional  capacities  of  improved  f ,  } 
and  1  inch  sizes  as  illustrated  in  Figure  1,  and  the  dotted  line  shows  the 
<;apacities  of  the  original  design. 
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Fig.  3  d.  Propobtional  Capacities  of  Metebs  at  10  Pounds  Pbessurb 

Loss  GOMPABED  WITH  PbOPOBTIONAL  DiSCHABGE  OF  SiMILAB  SiZED 

Obifices  under  Fixed  Head 

Dotted  lines  show  the  variation  from  ideal  proportions  in  the  original 
designs  which  were  rectified  by  the  increases  of  capacity  shown  in  Figures  2  a 
and  2  b. 
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will  define  a  straight  line  with  a  slope  of  two  yertical  to  one  hori- 
zontal, the  area  and  consequent  discharge  under  a  fixed  head  var3dng 
as  the  2nd  power  of  the  diameter.  Using  the  same  horizontal  scale  of 
diameters,  the  cubic  feet  per  minute  discharge  of  each  size  of  meter 
may  be  plotted  vertically.  If  now  it  be  assumed  that  the  capaci- 
ties of  one  type  and  make  of  meter  should  vary  in  proportion  to 
orifices  of  corresponding  sizes,  then  these  plotted  capacities  should 
also  define  a  straight  line  which  should  be  parallel  to  that  repre- 
senting areas. 

By  such  studies  of  capacities  it  is  shown  that  a  very  wide  variation 
exists  in  the  relative  capacities  of  the  different  sizes  of  some  makes 
(fig.  3)  as  well  as  an  extremely  wide  variation  in  the  capacities  of 
different  makes  in  the  same  size  (figs.  4  and  5). 

There  are  a  number  of  features  of  design  which  at  once  suggest 
themselves  as  affecting  capacity  more  or  less  directly  and  in  some 
cases  these  features  seem  to  huve  been  sadly  neglected.  In  the 
tests  made  the  capacity  seems  to  be  but  slightly  affected  by  size  of 
disc  and  number  of  mutations,  except,  possibly,  in  cases  where  the 
total  friction  loss  is  small  and  the  disc  size  and  speed  enter  in  as  an 
appreciable  part  of  the  total  loss.  In  most  cases,  the  size  and  shape 
of  the  waterways  have  far  more  direct  bearing  on  the  capacity.  In 
the  construction  of  pumping  machinery,  great  emphasis  is  placed  on 
easy  curves  of  waterways  and  very  gradual  changes  of  direction  in 
the  flow  of  water,  particularly  on  suction  lines  where  but  Uttle 
friction  loss  can  be  permitted.  Some  meters  seem  to  have  been  de- 
signed with  the  same  care  and  attention  to  these  details,  while  in 
others  very  little  attention  seems  to  have  been  given.  Frequently 
waterways  are  so  restricted  as  to  act  as  partially  closed  valves  and 
often  the  course  of  the  water  is  abruptly  reversed,  both  features 
resulting  in  a  serious  increase  of  pressure  loss  and  decrease  of  ca- 
pacity. On  the  tests  that  have  been  made,  instances  have  been 
noted  where  the  capacity  of  the  meter  has  been  increased  from  34 
to  95  per  cent  merely  by  a  change  or  redesigning  of  the  waterways, 
leaving  the  size  of  the  disc,  number  of  mutations,  etc.,  the  same  (see 
figs.  1  and  2). 
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various  sizes  may  be  identified  by  the  shape  of  d 


Digitized  by  LjOOQ IC 


Digitized  by  VjOOQIC 


DBTEBHININO  AND  FLOmNG  BIETEB  CAPACITIES 


131 


1 

^^ 

^^ 

^~" 

^^ 

1 

— 

<0VJ 

1 

•t^Ni 

, 

1 

-- 

■- 

1 

r 

1 

1 

1 

1 

^ 

r 

^ 

■J-  ^ 

^, 

7X^^ 

— 

_l__j_. 

^ 

1 
1^ 

.  _  ■'■ 

M^r 

74  Q^ 

T 

% 

^^.^ 

J 

^ 

c 

N 

.    1 

C,TO 

TAX 

7/,  ID 

^<y. 

^.' 

Ti 

1 

^tf- 

--  - 

— 

■N 

^>J 

1 

T 

1 

) 

V*. 

1 
1 

1 

^ 

S, 

1 
1 

\ 

1 

^ 

N, 

\ 

7    ? 

'^^iv\ 

1 

s 

-^ 

S 

f 

s, 

-; 

O 

% 

*: 

;  1 

-H-f  - 

-1-4-  - 

1    1 

T 

sf 

s 

S.— + 

'^v 

s 

t'5 

oi 

^ 

^ 

N 

^ 

N 

s 

— 

N 

^, 

s 

\ 

I        1 

-+■ 
-h  - 

s 

k. 

\ 

\ 

h     f  - 

H 

s. 

\ 

\ 

\ 

1     1 

tr 

t 

1 

-^ 

^= 

— 

1^ 

.- 

•J^ 



..— — 

-^v 

v^ 

Is 

^"' 

\  



_ 



T-t 

,  ^ 

1 

','»)U 

S    J 

V 

N 

N 

V 

^sj 

\ 

t  %^ 

1  .    iS  N 

^ 

1^ 

^N 

N^ 

s 

V 

Nf" 

r 

1 

^  > 

at 

f 

N. 

s 

^ 
w 

\ 

S'* 

r\ 

i 

^S^i3 

^' 

'^> 

■.     1 

S 

\N 

^ 

-^^S- 
u.^^ 

1 

,^^fel5 

y 

^i 

^ 

' 

^s 

\ 

\ 

V 

-I. 

■25^^. 

^ 

«r 

"** 

1 

V 

v» 

S 

K 

S 

rsT 

"t? 

? 

[^^i.^ 

'*s. 

^^T 

^^ 

^•s 

N 

s^ 

A 

\\ 

'?^i 

l^^'j;^ 

i 

\ 

"-.^  I 

^^ 

ui 

*v 

^ 

4f^ 

Si 

^ 

V 

^^ui.^ 

1 

^T^^ 

*"S 

•^•^ 

's 

— 



— \! 

T 

— 

.$ 

^^ 

^^J 

1 

■*... 

^> 

^;^ 

s 

S, 

f- 

^ 

— 

ji 

fe*^ 

^ 

^. 

>>^ 

^, 

H 

V 

L.— 

IXEZ 

-4 

i^^ 

"" 

s 

V 

\ 

I 

i    1 

—J 

"^^v 

^ 

s 

\^ 

s    Vn 

! 

— i 1 

1 

*^ 

^ 

^^.^ 

...1 

T^ 

1 

^^ 

\ 

i 

1 

1 

y/ 

^\^7 

i 

1 

^^  A/,. 

7^fJ 

^C^^ 

N"^ 

; 

1 

^V7 

'5^ 

OS, 

fO^ 

7   t-n^ 

—  ^ii. 

"H — 

-m 



j 

1 
1 

^3  o/xar  st^ojU 

jj 

m^t^ 

rK.ouJ 

%\ 

-4n 

"T! 

y/\ 

j°  4 

^f/ 

1 

O^ 

J 

Ji 

^ 

_l_g 

la 

.^ 

IH 

_ 

1 

J 

Digitized  by  VjOOQIC 


WATER  PURIFICATION  PROLEMS* 
By  B.  M.  Mohler 

There  are  in  Minnesota  at  the  present  time  seventeen  public 
water  supplies  which  are  receiving  some  kind  of  purification.  Nine 
of  these  suppUes  are  treated  with  chlorine  gas  only,  two  receive  fil- 
tration and  subsequent  disinfection  and  six  are  subjected  to  sedi- 
mentation, filtration  and  disinfection. 

The  Duluth  water  supply  is  the  only  one  of  the  group  treated 
with  chlorine  only,  the  treatment  of  which  is  not  difficult  to  properly 
control,  the  Lake  Superior  water  showing  only  sUght  variations  in 
physical  characteristics.  The  other  eight  suppUes  in  this  group 
show  considerable  seasonal  variation  in  organic  content  and  are 
difficult  of  proper  control,  especially  wherever  facilities  for  neces- 
sary laboratory  tests  are  lacking. 

The  Minnesota  state  board  of  health  insists  that  purification  of 
a  contaminated  pubUc  water  supply  by  disinfection  only  is  merely 
a  temporary  expedient  and  that  a  suitable  system  of  filtration  must 
be  installed  as  soon  as  possible  to  supplement  the  disinfection 
treatment. 

Seven  of  the  seventeen  supplies  are  treated  with  calcium  hypochlorite 
solution  while  the  remaining  ten  are  disinfected  with  liquid  chlorine. 
Trouble  has  been  experienced  in  five  instances  by  the  sticking  of  the 
float  in  the  meter  of  a  certain  type  of  chlorinator  which  necessitated 
the  control  of  the  fiow  of  gas  by  weighing  of  the  chlorine  cylinder  at 
stated  intervals.  This  latter  method  of  control  is  not  accurate 
when  there  is  any  considerable  variation  in  the  amount  of  chlorine 
gas  required.  Experience  has  shown  the  need  of  keeping  on  hand  a 
supply  of  dupUcate  parts  for  chlorinators.  A  duplicate  chlorinator 
is  desirable  for  use  in  cases  of  emergency. 

^  Abstract  of  paper  before  the  Minnesota  Section,  November  10, 1017. 
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AMERICAN  WATER  WORKS  LABORATORIES^ 
By  Jack  J.  Hinman,  Jr. 

The  water  works  laboratory  as  an  integral  part  of  the  up-to-date 
water  works  plant  is  so  well  established  and  has  proved  itself  so  use- 
ful that  any  attempt  on  the  author's  part  to  justify  its  existence  is 
unnecessary.  It  is  only  where  the  small  size  of  the  plant  forbids  the 
expense  attached  or  where  an  invariable  groimd  water  is  supphed 
that  the  lack  of  daily  laboratory  control  should  be  excused. 

While  an  experienced  operator  will  probably  be  able  to  judge  the 
character  of  the  water  supply  on  most  occasions,  there  are,  never- 
theless, times  when  a  clear,  sparkling  water  may  be  canying  large 
numbers  of  bacteria  some  of  which  may  be  pathogens,  or  disease- 
producing  forms.  The  only  way  to  know  the  quality  of  the  efflu- 
ent is  to  submit  it  to  a  laboratory  examination.  At  best  the  delays 
incident  to  cultural  methods  are  considerable,  but  to  piunp  a  dan- 
gerous water  imtil  typhoid  cases  commence  to  develop  in  a  com- 
mimity  before  having  examinations  imdertaken  is  inexcusable. 
The  niunber  of  examinations  which  it  is  advisable  to  make  will  de- 
pend, naturally,  on  the  supply.  If  the  supply  is  from  deep  wells, 
fewer  examinations  will  be  required  than  where  the  supply  is  from 
shallow  wells  and  infiltration  galleries.  Where  a  polluted  water  is 
coagulated  and  filtered,  examinations  should  be  made  even  more 
frequently  than  in  the  case  of  the  shallow  wells  and  infiltration  gal- 
leries. It  should  be  remembered  that  a  dangerous  water  is  being 
treated  and  that  the  character  of  the  effluent  may  change  from  day 
to  day  or  even  from  hour  to  hour. 

Then,  too,  the  mere  installation  of  a  laboratory  does  not  confer 
immunity  from  raw  wat^r  troubles  or  even  from  the  more  serious 
difficulties.  An  acciunulation  of  glassware  collecting  dust  is  of  no 
value,  neither  is  an  acciunulation  of  figures  which  have  no  signifi- 
cance from  the  standpoint  of  the  quality  of  the  effluent  or  of  the 
effective  operation  of  a  plant.  Most  analysts  run  a  few  thousand 
nitrogen  determinations  on  the  raw  water  before  realizing  that  the 

*  Read  before  the  Iowa  Section,  October  10,  1917. 
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results  do  not  vary  enough  from  day  to  day  to  be  of  any  practical 
value.  To  run  them  as  a  routine  measure  in  such  cases  is  a  waste. 
Under  certain  conditions,  of  course,  there  may  be  considerable  daily 
variations  in  the  nitrogen  factors.  It  is  essential  that  the  variable 
factors  be  recognized,  so  that  changes  in  the  raw  water  may  be  de- 
tected and  the  treatment  altered  to  meet  the  new  conditions.  More 
elaborate  examinations  of  the  treated  water  are  justified  as  giving 
additional  evidence  as  to  its  satisfactory  character. 

For  some  time  the  author  has  been  curious  to  know  about  the 
water  laboratories  which  serve  the  various  water  plants  directly. 
He  was  not  so  much  interested  in  the  laboratories  that  did  work 
imder  contract  or  with  those  that  made  occasional  examinations. 
He  wished  to  know  what  plants  maintained  laboratories,  how  ex- 
tensive they  were,  how  they  were  organized,  what  their  routine  pro- 
cedures were  and  what  results  were  obtained.  He  sent  out  a  very 
comprehensive  questionnaire  to  all  cities  of  over  25,000  population 
in  the  United  States  and  Canada,  as  well  as  to  some  smaller  places 
where  he  knew  laboratories  were  maintained  or  rapid  sand  filtration 
plants  instaUed.  Only  those  which  reported  plant  or  department 
laboratories  are  included  in  this  report.  Contract  laboratories  and 
plants  operating  without  laboratory  control  are  not  included  in  the 
tables. 

The  percentage  of  repUes  was  very  good.  There  are  only  foiu*  or 
five  towns  of  special  interest  which  failed  to  answer  the  letters. 
The  author  has  data  on  an  average  daily  pumpage  of  more  than 
3,000,000,000  gallons,  of  which  more  than  2,800,000,000  gallons,  sup- 
plying cities  and  towns  of  a  total  population  of  about  17,000,000  in 
1910,  is  protected  by  laboratory  control  directly  imder  the  super- 
vision of  the  water  works  officials  or  their  superior  officers. 

In  the  control  of  the  96  plants  which  supply  the  2,800,000,000 
gallons  of  water  daily,  203  laboratory  workers  are  employed.  Of 
these,  95  have  the  title  of  chemist  or  assistant  chemist,  many  of 
the  others  have  the  title  superintendent  of  filtration  or  laboratory 
director,  and  so  on.  Some  of  these  men  have  had  chemical  training. 
Some  are  engineers  who  have  picked  up  the  rudiments  of  water  ex- 
amination and  carry  on  such  determinations  as  are  necessary  for 
their  plants.  The  preponderance  oi  one-man  laboratories  is  signifi- 
cant and  the  variety  of  the  work  which  must  be  performed  is  worthy 
of  notice.  In  addition  to  the  widely  differing  subjects  of  bacteri- 
ology, microbiology  and  chemistry  of  water,  miscellaneous  chemical 
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and  bacteriological  work  must  be  entered  into.    If  the  laboratory  man 
is  also  an  engineer,  so  much  the  better. 

The  author  was  surprised  on  first  preparing  his  record  to  see  how 
recently  the  laboratories  listed  had  been  installed.  B^inning  with 
the  one  maintained  by  the  city  of  New  York  since  1897  and  tiiat  of 
Utica,  N.  Y.,  established  in  the  same  year,  a  rapidly  increasing  num- 
ber of  laboratories  was  established  during  the  succeeding  19  years. 
Six  plants  with  a  combined  averge  pumpage  of  32.5  miUion  gallons 
per  day  are  now  installing  laboratories. 

TABLE  3 
Increase  in  laboratory  control  of  water  purification  plants  by  plant  or  department 

laboratories 


TKAR 

AYBBAQB  DAILY  PUMP- 
AOB,  HUNDBBD  IflLUON 

POPULATIOir.  1»10. 

iruiiBBs  or  plants 

1897 

5.6 

5.8 

2 

1898 

5.6 

5.8 

2 

1899 

5.8 

5.9 

3 

1900 

5.8 

5.9 

3 

1901 

5.8 

5.9 

3 

1902 

6.2 

6.05 

.5 

1903 

6.3 

6.1 

6 

1904 

6.6 

6.4 

8 

1905 

6.9 

6.65 

10 

1906 

.0 

7.5 

15 

1907 

8.6 

7.9 

17 

1908 

8.8 

8.15 

19 

1909 

9.5 

8.85 

26 

1910 

10.9 

9.75 

34 

1911 

11.4 

10.1 

41 

1912 

12.0 

10.6 

50 

1913 

13.1 

11.5 

57 

1914 

13.7 

11.75 

61 

1915 

14.7 

12.50 

74 

1916 

14.8 

12.65 

77 

1917 

15.5 

12.75 

83 

Twelve  plants  with  a  combined  pumpage  of  45,000,000  gallons 
per  day  have  daily  examinations  made  at  outside  laboratories. 
The  Metropolitan  Water  District  which  supplies  Boston  and  some 
neighboring  communities  is  under  a  state  commission.  It  main- 
tains its  own  laboratory  and  suppUes  a  little  more  than  100,000,000 
of  gallons  of  water  daily. 

Of  the  plants  reporting,  23  are  owned  privately,  72  municipally 
and  one  by  the  United  States  governirient.    The  employees  of  29  of 
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the  municipally  owned  plants  and  those  of  the  government  plant  are 
selected  by  civil  service  methods. 

Rivers  and  streams  form  the  direct  source  of  68  plants  out  of  the 
96  that  have  their  own  laboratories,  the  remaining  sources  are  lakes, 
impoimded  waters  from  more  or  less  satisfactorily  protected  water- 
sheds and,  in  a  few  instances,  wells  and  infiltration  galleries.  Those 
plants  which  do  not  maintain  laboratories  are  nearly  all  using  the 
water  of  wells  or  impounding  reservoirs.  None  of  them  supplies 
more  than  an  average  pumpage  of  16,000,000  gallons  per  day.  One 
or  two  pump  directly  from  streams  without  treatment. 

The  quantity  of  the  laboratory  work  done  as  well  as  the  particular 
determinations  made  are  dependent  upon  local  conditions.  For  in- 
stance, there  is  very  little  use  in  determining  iron  every  day  unless 
the  raw  water  contains  that  metal  in  sufficient  quantities  to  precipi- 
tate or  aid  the  growth  of  iron-secreting  organisms. 

Color  and  turbidity  are  usually  determined  on  the  raw  and  treated 
supplies  if  the  water  is  coagulated  and  filtered.  TJiese  factors  give  a 
somewhat  rough  indication  of  the  efficiency  of  the  treatment.  Al- 
kalinity is  another  conmion  determination,  since  it  limits  the  amount 
of  coagulant  which  may  be  put  into  a  water  without  the  addition  of 
alkaline  substances  such  as  lime,  soda  ash  or  bicarbonate  of  soda. 
Free  carbon  dioxide  is  carefully  watched  in  some  plants,  particularly 
those  that  soften  the  water,  remove  iron,  or  use  the  iron  and  lime 
process.  Incrustants  and  other  matters  are  determined  where  the 
conditions  justify. 

Occasional  complete  sanitary  chemical  examinations  are  usually 
considered  sufficient,  since  chemical  standards  based  upon  the  ordi- 
nary factors  of  a  sanitary  analysis  often  mean  very  little  when  applied 
to  the  routine  examination  of  a  treated  water.  As  a  matter  of  fact 
the  oxidation  of  nitrogen  in  one  of  our  rapid  sand  filters  is  almost  neg- 
ligible and  any  evidences  of  pollution  which  appear  in  the  raw  water 
will  be  but  slightly  modified.  This  state  of  affairs  has  led  to  error 
on  the  part  of  individuals  who  have  attempted  to  judge  a  treated 
water  upon  the  basis  of  the  commonly  stated  chemical  standards. 
In  the  case  of  stored  or  impounded  waters  considerable  oxidation 
may  take  place  and  the  determination  of  the  nitrogen  factors  may 
become  of  greater  importance. 

Mineral  analyses  are  valuable  to  users  of  water  for  steam-making, 
but  those  individual  firms  which  enter  seriously  into  the  problem  of 
softening  a  supply  usually  make  their  own  determinations  of  a  few 
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important  factors.  There  are  quite  a  few  boiler  plants  in  most  com- 
mwiities  which  use  proprietary  boiler  compoimds,  prepared  upon  the 
basis  of  special  analyses  by  the  manufacturers  of  the  compounds  or 
upon  the  examinations  of  the  laboratory  of  the  water  plant.  Of 
course,  an  analysis  of  the  city  water  showing  its  excellence  for  all 
industrial  purposes  is  a  good  advertisement. 

In  general,  however,  it  may  be  said  that  a  quarterly  mineral  analy- 
sis, a  weekly  or  monthly  sanitary  chemical  anal3rsis  and  routine 
determinations  of  color,  turbidity,  temperature,  alkalinity,  free 
carbon  dioxide,  free  chlorine  and  the  Uke,  ought  to  meet  all  de- 
mands for  chemical  examinations.  In  discussing  chemical  deter- 
minations, very  Uttle  reference  to  the  procediu'es  is  necessary  since 
the  procediu'es  laid  down  in  the  Standard  Methods  of  Water  Analy- 
sis of  the  American  Public  Health  Association  are  so  universally 
followed. 

Plankton  examinations  are  made  by  but  32  of  the  plants  listed. 
In  many  cases  they  are  not  necessary.  Where  water  is  impoimded 
or  stored  in  open  reservoirs,  routine  plankton  examinations  are  use- 
ful in  indicating  the  proper  time  for  copper  treatment  before  odors 
and  tastes  due  to  algae  growths  have  become  objectionable. 

When  working  with  a  treated  water,  the  bacteriological  determi- 
nations are  of  the  highest  importance.  In  most  instances  they  de- 
termine the  efficiency  and  adequacy  of  the  treatment  given.  The 
arbitrary  standards  of  efficiency  appUed  to  water  treatment  are 
rapidly  becoming  more  and  more  rigid.  The  original  filters  which 
the  New  Chelsea  Water  Company  of  London  installed  about  1829 
were  considered  efficient  if  they  merely  removed  the  turbidity  of  the 
Thames  water.  Then  a  good  many  years  later  came  Koch's  stand- 
ard of  a  maximum  of  100  bacteria  per  cubic  centimeter.  This  standard 
was  applied  to  water  of  all  kinds.  Later  a  standard  based  upon  a 
percentage  removal  of  bacteria  came  into  vogue.  The  percentage 
standard  of  plant  efficiency  is  not  satisfactory,  because  when  one  is 
treating  a  good  raw  water  the  product  may  show  a  low  percentage 
efficiency  and  yet  actually  be  of  the  best  quaUty.  On  the  other  hand 
when  the  raw  water  is  high  in  bacteria  the  effluent  may  be  high  also 
and  still  be  within  the  limit  set  up.  For  example,  99  per  cent  ef- 
ficiefncy  in  the  operation  of  the  Iowa  City  plant  at  one  time  last 
winter  would  have  allowed  a  bacterial  count  of  8,800  because  the 
raw  water  had  a  bacterial  coumt  of  880,000. 

Within  the  past  year  or  so,  Wolman  of  the  Maryland  State  Board 
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of  Health  has  proposed  a  logarithmic  ratio  standard  which  has  some 
advantages.  It  requires  that  the  ratio  of  the  logarithm  of  the  num- 
ber of  bacteria  in  the  raw  water  to  the  logarithm  of  the^number  of 
bacteria  ia  the  treated  water  shall  not  be  less  than  2.5  to  1.  In 
effect  it  requires  that  as  the  contamination  of  the  raw  water  increases, 
the  efficiency  of  operation  must  kicrease  at  a  more  rapid  rate.  This 
standard  imdoubtedly  has  its  limitations  but  it  is  a  convenient  device 
for  supervision  of  operation  of  a  number  of  plants. 

At  the  same  time  that  the  strictly  numerical  bacterial  standards  of 
operation  have  been  evolving,  other  standards  based  upon  the  free- 
dom of  the  water  from  certain  kinds  of  bacteria,  such  as  the  colon 
bacillus  and  the  sewage  streptococci,  have  been  developing  also. 
In  this  country  the  sewage  streptococci  have  been  worked  with  but 
little,  while  in  Europe,  particularly  in  Germany,  the  validity  of 
American  conclusions  based  upon  work  on  the  B.  coli  has  been  ques- 
tioned. The  author  believes,  however,  that  the  present  European 
tendency  is  to  place  more  faith  in  the  B.  coli  determinations  than 
in  the  past. 

There  exists  considerable  difference  of  opinion  as  to  the  maximum 
number  of  bacteria  of  the  colon  tjrpe  which  may  be  allowed  in 
safe  water.  The  presence  of  B.  coli  in  1  cc.  quantities  of  the  water, 
except  occasionally  foimd  organisms,  is  generally  recognized  as  suf- 
ficient to  condenm  a  supply.  In  addition  it  has  been  said  that  it 
should  be  absent  from  the  majority  of  10  cc.  samples  of  the  treated 
water.  Constant  absence  in  5,  10,  50  and  even  100  cc.  has  been 
recommended.  A  few  years  ago  the  United  States  Treasury  De- 
partment standard  for  water  supplied  to  trains  carrying  passengers 
in  interstate  traffic  was  promulgated.  Briefly  this  standard  re- 
quired that  a  water  should  not  contain  more  than  100  bacteria  at 
37°C.  and  that  not  more  than  one  out  of  five  10-cc.  plantings  of  the 
water  into  lactose  broth  should  show  the  colon  bacillus.  This  was 
practically  equivalent  to  setting  a  limit  for  colon  at  one  in  50  cc. 
This  standard  was  adopted  as  the  majority  report  of  the  committee 
appointed.  It  aroused  considerable  opposition  from  the  water  men 
when  first  adopted,  but  the  government  officials  explained  that  it 
was  not  intended  for  city  supplies,  but  for  the  small  amount  of  water 
supplied  to  passengers.  Since  then  it  has  been  required  that  bottled 
spring  waters  and  mineral  waters  should  pass  this  Treasury  Depart- 
ment test. 

In  the  last  column  of  table  1,  under  the  head  "Working  Standard," 
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are  given  the  standards  which  the  officials  of  the  different  plants  have 
set  up  for  their  use.  Many  of  these  are  working  to  the  Treasury 
Departnaent  standard,  a  few  are  working  to  even  higher  standards, 
while  some  mention  only  a  removal  of  turbidity  and  color.  The 
author  is  inclined  to  believe,  however,  in  these  latter  cases  that  some 
standard  of  bacterial  purity  was  intended  to  be  understood. 

Some  of  the  standards  listed  are  very  high  and  with  some  waters 
would  be  practically  impossible  to  achieve  except  at  a  very  high 
cost.  This  points  to  the  fact  that  arbitrary  standards  are  apt  to  be 
imjust  in  that  they  require  all  waters  to  reach  a  certain  degree  of 
purity  which  may  not  be  essential  to  the  safety  of  the  supply. 

The  practical  uniformity  of  procedure  which  can  be  noticed  in  the 
chemical  determinations  of  a  water  analysis  has  not  existed  in  the 
bacteriological  procedures,  due  in  part  to  the  changes  and  ambiguity 
which  were  introduced  by  the  committee  into  the  second  edition  of 
the  Standard  Methods  of  Water  Analysis.  The  third  edition,  which 
was  published  in  1917,  is  furnished  with  a  much  clearer  statement  of 
bacterial  methods  and  no  doubt  will  aid  materially  to  clear  away  the 
confusion  which  exists. 

In  considering  the  methods  used,  the  least  variation  will  be  found 
in  the  plating,  because  the  possibilities  for  variation  are  not  so  great. 
In  the  body  temperature  determinations  some  workers  use  litmus 
lactose  agar,  which  gives  the  opportunity  of  recognizing  acid-forming 
bacteria  in  addition  to  the  coimt,  and  others  use  the  plain  nutrient 
agar.  At  20®C.,  many  of  the  older  laboratories  use  gelatine  while 
others  employ  agar  on  account  of  its  lack  of  trouble  with  liquefiers 
and  its  general  convenience.  In  some  laboratories  the  37®C.  or 
body  count  is  omitted,  while  in  more  laboratories  the  20®C.  count  is 
omitted  on  accoimt  of  the  recommendation  of  the  committee  in  the 
second  edition  of  Standard  Methods,  Fortimately  the  third  edition 
has  restored  the  20®C.  count. 

In  regard  to  the  colon  bacillus,  there  is  the  greatest  diversity  of 
method.  Some  are  satisfied  with  gas  formation  in  dextrose  or  lac- 
tose broth  at  the  risk  of  calling  a  considerable  number  of  tests  positive 
when  the  gas  formation  is  due  to  other  organisms  than  the  colon 
bacillus.  Some  prefer  lactose  bile.  Others  make  confirmatory  tests 
on  all  gas-bearing  tubes.  These  confirmatory  tests  vary  widely. 
They  may  consist  in  making  simple  streaks  on  litmus  lactose  agar 
or  on  Endo's  fuchsine-sulphate  medium,  or  they  may  extend  to  cul- 
tures in  a  series  of  sugar  media,  motility,  Gram's  stain  and  so  on. 
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The  new  Standard  Methods  have  prescribed  a  method  using  litmus 
lactose  agar  and  lactose  agar  which  will  undoubtedly  come  rapidly  into 
use  and  enable  one  to  know  on  reading  a  report  whether  either  of  the 
two  discriminating  methods  of  identifying  the  colon  bacillus  have 
been  adopted. 

The  chief  business  of  most  of  the  laboratories  listed  in  the  tables 
is  the  control  of  the  water  supply,  but  many  of  them  further  justify 
their  existence  by  making  examinations  of  other  substances.  Where 
time  permits  or  sufficient  assistance  is  provided,  the  ch^nicak 
used  in  the  water  purification  may  be  made,  as  well  as  the  coal,  oils 
and  so  on.  Purchases  of  these  substances  under  the  usual  guaran- 
tees may  be  enforced,  often  at  a  considerable  saving. 

In  city  work,  food  and  drug  inspection,  the  milk  supply  and  its 
inspection,  the  examination  of  cement,  paving  materials,  and  all 
city  supphes  may  be  put  imder  the  control  of  the  laboratory  chief. 

Where  the  laboratory  men  are  trained  in  that  line  of  work,  the 
city  laboratory  may  make  the  examinations  of  the  board  of  health's 
routine.  These  include  specimens  of  blood  for  diagnosis  of  typhoid, 
sputum  for  tuberculosis,  throat  cultures  for  diphtheria  and  so  on. 
Some  of  the  last  may  be  reported  from  ten  to  twenty-four  hours 
sooner  than  the  state  laboratory  could  report,  and  a  difference  of 
this  much  time  sometimes  means  saving  a  life. 

The  author  has  merely  mentioned  these  possibiUties  of  the  exten- 
sion of  the  scope  of  the  laboratory  to  show  how  it  can  be  made  to 
serve  the  commimity  in  other  fields.  We,  of  course,  should  maintain 
that  the  first  duty  of  the  water  laboratory  is  to  maintain  an  eco- 
nomical treatment  of  the  water  supply  which  will  insure  a  safe 
water  at  all  times. 

In  the  consideration  of  table  2  it  is  hard  to  draw  general  conclu- 
sions other  than  that  most  of  the  plants  are  operating  efficiently. 
All  do  not  treat  the  same  sort  of  water  by  any  means.  The  varia- 
tion in  turbidity,  color,  alkaUnity  and  bacterial  content  of  the  raw 
water  is  very  great.  The  turbidities  range  up  to  12,000,  the  color  to 
480  and  the  alkalinity  from  —90  to  +580.  The  maximum  body 
temperature  count  of  bacteria  on  the  raw  water  is  210,000;  the  maxi- 
mum of  the  20**  count  is  1,000,000  organisms  per  cubic  centimeter. 

In  going  over  the  tables  of  chemicals  used,  the  variation  in  the 
necessary  doses  is  clear.  The  short  sununary  of  the  figures  on  the 
next  page  is  self-explanatory. 
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TABLE  4 


Aluminum  sulphate . . 

Iron  sulphate 

Lime 

Hydrated  lime 

Calciiun  hypochlorite 
Chlorine 


MAXm  X7M  IN 

POUNOB  PBB  IIXL- 
LXON  OALLOKS 


1275.0 

850.0 

3800.0 

852.0 

20.0 

6.5 


▲VBBAOB  OF 

iiAxninii  rxouBBS, 

POUNDS  PBB 
UIUilON  OALLONB 


334.5 
349.0 
915.0 
316.0 
9.5 
3.2 


Other  factors  of  special  interest  are  the  sedimentation  period  and 
the  storage  period  of  the  treated  waters.  For  most  of  the  rapid 
sand  plants  the  coagulation  period  is  less  than  six  hours.  About 
one-fourth  of  these  plants  have  a  storage  of  treated  water  of  less 
than  one  hour — a  condition  which  may  often  lead  to  difficulties  in 
case  of  fire.  The  maximum  storage  of  filtered  water  reported  is  as 
great  as  ten  days,  but  the  average  is  about  six  hours.  The  gener- 
ally adopted  rate  of  operation  is  125,000,000  gallons  per  acre  per  day. 

In  conclusion,  it  should  be  remarked  that  the  practice  in  the 
plants  which  are  Usted,  is  changing  from  day  to  day.  In  the  time 
that  the  author  has  been  collecting  and  tabulating  these  data,  it  is 
inevitable  that  some  alterations  have  been  made.  The  author  has 
endeavored  to  make  the  tabulations  as  accurate  as  possible  and  he 
beUeves  that  they  actually  represent  conditions  in  the  water  works 
industry  up  to  the  middle  of  1917. 
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RECOVERING  A  PUMP  LOST  IN  A  DEEP  WELU 
By  W.  a.  Judd 

Well  no.  9  at  Mason  City  starts  with  a  19-inch  hole  which  con- 
tinues for  225  feet.  At  that  point  the  diameter  is  reduced  to  16 
inches  and  at  540  feet  it  is  again  reduced  to  12  inches.  The  well  is 
1200  feet  deep.  In  this  well  is  installed  a  five-stage  17-inch  Ameri- 
can deep-well  motor-driven  turbine.  The  turbine  proper  is  about 
90  feet  below  the  well  curb  and  below  the  turbine  are  two  lengths  of 
9-inch  suction  pipe.  Water  normally  stands  in  the  well  about  85 
feet  below  the  curb  and  pumps  down  about  7  feet  when  yielding  1200 
gallons  per  minute. 

The  construction  of  this  type  of  pump  and  its  connections  are 
well  known.  The  weight  of  the  pump  is  carried  by  the  10-inch 
flanged  discharge  pipe  in  8-foot  lengths.  Inside  this  discharge  pipe 
is  another  pipe,  4  inches  in  outside  diameter,  held  in  position  by 
spiders  inserted  in  the  flanges  of  the  discharge  pipe.  This  pipe  is 
connected  together  by  screw  couplings  which  also  serve  to  hold  the 
shaft  bearings.    Inside  this  pipe  is  the  shaft. 

The  pump  is  overhauled  each  year.  On  New  Year's  day,  1917, 
the  pump  had  been  lowered  together  with  four  lengths  of  discharge 
pipe,  shaft  casing  and  shafting.  The  fifth  length  of  shafting  had  been 
screwed  up  tight  and  the  fifth  shaft  casing  was  being  set  up  solid 
when,  without  any  warning,  casing  and  shaft  disappeared  through 
the  discharge  pipe  and  with  the  pump  and  two  lengths  of  discharge 
pipe  went  bubbling  down  to  find  a  resting  place  on  the  ledge  225 
feet  below  the  surface.  The  two  remaining  lengths  of  discharge 
pipe  were  pulled  out  and  it  was  found  that  in  making  up  the  shaft 
casing  joint,  the  discharge  pipe  had  worked  loose  from  the  flange. 

A  well  driller's  advice  was  immediately  sought,  and  he  recom- 
mended trying  to  couple  on  to  the  shafting,  which  projects  about  a 
foot  above  the  bearings.  One  of  the  shaft  couplings  was  taken  to  a 
machine  shop  and  the  threads  recut  to  make  a  loose  fit.  One  end 
was  tapered  out  on  the  inside  and  the  other  end  was  cut  down  to 

*Read  before  the  Iowa  Section,  October  10,  1917. 
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take  a  2-inch  pipe  coupling.  On  the  bottom  was  soldered  a  heavy 
funnel  to  center  the  coupUng  over  the  shaft.  Two-inch  pipe  was  then 
cut  into  about  10-feet  lengths  for  ease  in  handling  and  threaded. 
Because  the  shafting  has  a  left-hand  thread;  it  was  necessary  to  drill 
each  pipe  coupling  after  the  joint  was  made  up  and  pin  the  pipe 
and  coupling  together.  This  was  a  tedious  process,  but  finally  the 
funnel  was  heard  to  strike  the  shaft.  It  was  then  raised  and  lowered 
a  few  times  to  be  sure  of  centering  and  the  men  began  to  twist  the 
pipe  to  the  left.  After  several  attempts,  it  seemed  to  take  hold  and 
hoisting  was  attempted  with  an  8-ton  chain  hoist  which  hangs  from 
a  trolley  running  on  a  15-inch  I-beam  near  the  roof  of  the  pump  house. 
From  the  hard  pull,  it  was  known  that  the  coupling  caught  hold  of 
the  shaft,  but  at  about  the  third  pull  on  the  chain,  the  coupling 
became  loose  and  for  a  day  the  men  fished  continuously  without 
getting  another  nibble.  The  string  of  pipe  was  then  pulled  out  and 
it  was  found  that  the  funnel  had  bent  over,  allowing  the  shaft  to 
center  in  the  funnel  to  one  side  of  the  coupUng.  A  heavier  funnel  was 
built,  reinforced  with  steel  ribs  and  bands,  but  even  with  this  there 
was  no  luck,  the  shaft  turning  every  time  the  threads  engaged. 

During  this  time  one  of  the  men  had  been  telling  of  a  fishing  tool 
he  had  heard  of,  consisting  of  two  rings.  Just  how  the  rings  were 
operated  no  one  knew  until  the  blacksmith  started  to  make  such  a 
tool.  The  small  end  of  the  funnel  was  cut  off  so  the  hole  through  it 
was  about  5  inches  in  diameter.  A  fork  was  made  to  which  the  fun- 
nel was  riveted.  Above  the  fork  was  welded  a  piece  of  2-inch  shafting 
3  feet  long  in  such  a  way  that  when  the  shaft  and  funnel  were  verti- 
cal, the  face  of  the  steel  was  about  2^  inches  from  a  vertical  line 
drawn  through  the  center  of  the  funnel.  On  the  back  of  this  bar, 
two  ears  were  welded  and  punched  for  a  1-inch  bolt.  Two  open 
rings  were  made,  5  inches  in  diameter,  of  J  inch  square  steel  with  the 
ends  bent  back,  flattened  out  and  punched  for  a  1-inch  bolt.  The^ 
top  of  the  bar  had  a  piece  of  2-inch  pipe  welded  to  it,  the  rings 
were  bolted  to  their  places  and  wired  together  so  they  would  move 
together  on  the  bolts  and  a  Ught  wire  was  fastened  to  the  top  ring 
to  hold  them  in  a  horizontal  position. 

The  whole  apparatus  was  then  lowered  into  the  well  with  the  same 
2-inch  pipe,  the  wire  being  paid  out  as  the  tool  descended.  The 
funnel  centered  the  tool  over  the  shaft  casing  all  right,  but  when  the 
rings  were  dropped  by  slacking  on  the  wire,  they  did  not  bite  into 
the  casing  enough  to  stand  a  pull  so  the  tool  was  again  pulled  out,. 
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a  tool-steel  face  put  on  the  rings,  and  then  notched.  A  piece  of 
flat  tool  steel  was  welded  to  the  face  of  the  vertical  bar,  and  in  it 
were  cut  some  teeth,  making  it  look  like  a  wood  rasp.  The  tool  was 
again  lowered  and  caught  hold  of  the  shaft  casing  with  a  grip  that 
scarcely  anything  could  disengage.  At  the  first  pull  it  was  evident 
that  the  pimip  was  wedged  tightly  into  the  well,  for  instead  of  the 
pump  rising,  the  I-beam  above  was  bending.  Men  were  sent  for 
props  to  put  under  the  beam,  but  while  they  were  gone,  the  tension 
on  the  hoist  suddenly  slackened,  showing  that  the  pump  was  loose  in 
the  well  and  pulling  was  started.  After  puUing  continuously  for 
several  hours  the  pump  was  landed  on  blocking  on  the  well  ciu'b  and 
those  who  had  been  fairly  on  needles  for  a  week  went  home  and  to 
sleep  undisturbed  by  dreams  of  a  big  fire  and  no  water. 
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PRICES  AND  DEPRECIATION  OF  CAST  IRON  PIPE^ 
By  Burt  B.  Hodqman 

The  history  of  the  prices  of  cast  iron  pipe,  showing  the  changes 
in  price  during  the  past  fifty  years  or  more,  is  particularly  interesting 
at  this  time.  Some  of  the  data  presented  are  confusing  in  one  re- 
spect, because  it  is  not  known  whether  the  prices  paid  were  for  pipe 
by  the  ton  of  2240  or  2000  pounds. 

The  author  has  compiled  table  1  showing  the  prices  paid  for  cast 
iron  pipe  by  the  city  of  Boston,  Mass.,  from  1868  to  1917.  This  is 
based  on  the  cost  of  6-inch  pipe  during  that  entire  period  and  it  is 
interesting  to  note  that  the  present  prices  are  not  as  high  as  the 
maximimi  prices  paid  during  the  period  covered.  The  prices  are 
based  on  the  long  ton  from  1868  to  1896  and  on  the  short  ton  from 
1896  to  1917  inclusive.  In  1868  Boston  paid  $78  per  ton  for  ^-inch 
pipe.  In  1873  they  paid  $67,  while  in  1897  it  was  purchased  for 
$16.20  per  ton,  and  this  year  the  price  is  again  up  to  $45  per  ton. 

In  1832,  10-inch  pipe  was  {Purchased  by  the  City  of  Richmond, 
Va.,  from  Samuel  aiid  Thos.  S.  Richards  of  Philadelphia  for  $1.38 
per  foot,  the  pipe  being  in  9-foot  lengths  and  A  in  thickness.  This 
amoimts  to  about  $54  per  ton  of  2000  pounds;  the  price  was  for  pipe 
deUvered  at  Richmond.  The  prices  paid  per  foot  were:  3-inch, 
$0.37;  4-inqh,  $0.45;  6-inch,  $0.70;  8-inch,  $1.25.  In  1844,  3-inch 
pipe  was  bought  for  $0.30  per  foot  and  in  1854  16-  and  8-inch  pipe 
was  purchased  from  R.  and  S.  H.  Jones  at  $52.50  per  long  ton.  The 
pipe  was  cast  at  Florence,  N.  J.  In  1832,  10-inch  valves  were  pur- 
chased in  Richmond  at  $70,  8-inch  valves  at  $56,  6-inch  valves  at 
$44.50,  4-inch  valves  at  $30,  and  3-inch  valves  at  $28. 

It  is  the  beUef  of  the  author,  after  considerable  experience  in  ex- 
amining cast  iron  water  mains  that  have  been  in  service  aU  the  way 
up  to  one  himdred  years  and  under  almost  every  condition  known  in 
the  United  States,  that  the  leading  cause  of  depreciation  is  the  corro- 
sion, sedimentation  or  incrustation  which  occurs  on  the  interior  of 
water  mains. 

^  Read  before  the  Richmond  Convention,  May  9,  1917. 
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TABLE  1 
Cost  of  O^nch  cctat  iron  pipe  at  Boatorif  Mass.* 


TBAB 

PBXCB  PAID 

FBOII  WHOM  PUBCBABBD 

1868 

$78.40 

R.  D.  Wood  &  Company 

1870 

52.00 

S.  Fulton  &  Company 

1871 

57.60 

J.  W.  Starr 

1873 

67.20 

Gloucester  Iron  Works 

1874 

51.00 

R.  D.  Wood  &  Company 

1876 

42.00 

J.  W.  Starr 

1876 

35.00 

J.  W.  Starr 

1877 

30.00 

J.  W.  Starr 

1878 

26.47 

Warren  Foundry  &  Machine  Works 

1879 

26.20 

McNeal  Pipe  &  Foundry  Company 

1880 

42.00 

J.  W.  Starr 

1881 

31.90 

McNeal  Pipe  &  Foundry  Company 

1882 

39.00 

Camden  Iron  Works 

1883 

36.80 

R.  D.  Wood  &  Company 

1884 

34.75 

Donaldson  &  Thomas 

1885 

29.19 

McNeal  Pipe  &  Foundry  Company 

1886 

29.40 

R.  D.  Wood  &  Company 

1887 

33.09 

Gloucester  Iron  Works 

1888 

28.46 

McNeal  Pipe  &  Foundry  Company 

1889 

28.31 

Gloucester  Iron  Works 

1890 

30.34 

R.  D.  Wood  &  Company 

1891 

27.96 

R.  D.  Wood  &  Company 

1892 

25.40 

Radford  Pipe  &  Iron  Co. 

1893 

25.94 

R.  D.  Wood  &  Company 

1894 

22.45 

McNeal  Pipe  &  Foundry  Company 

1895 

21.60 

R.  D.  Wood  &  Company 

1896 

20.25 

R.  D.  Wood  &  Company 

1897 

17.17 

McNeal  Pipe  &  Foundry  Company 

1898 

16.75 

Warren  Foundry  &  Machine  Company 

1899 

16.70 

Warran  Foundry  &  Machine  Company 

1900 

26.00 

Warren  Foundry  &  Machine  Company 

1901 

20.40 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1902 

26.45 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1903 

29.70 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1904 

22.30 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1905 

26.20 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1906 

30.70 

U.  S.  Cast  Iron  Pipe  &  Foimdry  Company 

1907 

35.00 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1908 

24.50 

Warren  Foundry  &  Machine  Company 

•  The  long  ton  was  used  until  the  1895  contract  with*  the  McNeal  Pipe  A. 
Foundry  Company,  when  the  short  ton  came  into  use.  Prices  furnished  by 
C.  J.  Carven,  Engineer  of  Water  and  Sewer  Division,  Department  of  Public 
Works,  Boston. 
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TABLE  I— Continued 


TBAB 

PBIOB  PAID 

ntOM  WHOM  PUBCHABBD 

1909 

23.30 

Florence  Iron  Works 

1910 

24.60 

Florence  Iron  Works 

1911 

20.70 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1912 

20.95 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1913 

23.60 

U.  S.  Cast  Iron  Pipe  &  Foimdry  Company 

1913 

20.85 

U.  S.  Cast  Iron  Pipe  &  Foundry  Company 

1914 

21.10 

Florence  Iron  Works 

1915 

20.95 

Standard  Cast  Iron  Pipe  &  Foundry  Company 

1916 

29.24 

R.  D.  Wood  &  Company 

1917 

45.50 

R.  D.  Wood  &  Company 

About  two  years  ago  questions  were  sent  to  water  works  super- 
intendents and  engineers  all  over  the  United  States,  asking  for  their 
experience  with  various  kinds  of  water  mains.  Answers  were  re- 
ceived covering  users  of  more  than  15,000  miles  of  cast  iron  pipe  and 
are  summarized  in  Table  2.  These  answers  came  from  nearly  every 
State  in  the  Union  and  almost  without  exception  the  answers  stated 
that  the  outside  surface  of  the  iro^n  was  in  excellent  condition. 
There  were  some  exceptions,  but  where  those  exceptions  occurred 
there  was  some  special  condition  covering  them.  This  of  course 
does  not  cover  the  subject  of  electrolysis,  but  that  should  be  consid- 
ered a  special  condition,  the  same  as  the  pitting  on  the  outside  which 
occurs  in  cast  iron  mains  laid  in  peat  bogs  or  in  cinders. 

Incrustation  or  scale  results  from  several  different  causes.  Prob- 
ably the  principal  is  iron  corrosion  due  to  soft  waters  which  are 
likely  to  contain  free  carbonic  acid,  crenothrix,  or  some  kindred 
source  of  trouble,  such  as  manganese,  sulphur,  organic  or  mineral 
acids,  all  of  which  will  greatly  accelerate  the  incrustation  of  these 
mains.  Also  it  should  be  noted  that  greater  corrosion  takes  place 
in  pipes  which  have  free  iron  exposed,  as  is  the  case  where  the  line 
is  frequently  tapped.  This  may  be  due  to  galvanic  action.  It  is, 
nevertheless,  a  fact  that  the  same  water  passing  through  a  tar- 
coated  line  which  has  not  been  tapped  will  affect  that  pipe  less  rap- 
idly than  where  corporation  cocks  have  been  placed  at  frequent 
intervals. 

There  are  other  incrustants,  such  as  pipe,  sponge,  pipe  moss,  etc., 
but  it  is  not  thp  author's  object  to  discuss  them  from  a  chemist's 
standpoint,  as  this  was  very  thoroughly  covered  by  N.  S.  Hill,  Jr., 
in  a  paper  read  before  this  Association  in  1907. 
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TABLE  2 
Summary  of  answers  to  questions  on  condition  of  underground  water  mains 


▲OB  OP 

PLACB 

MILBS 

QLDUT 
FZPB 

coNDinoir 

New  London,  Conn. . . . 

70 

43 

Cast  iron;  fair;  20  miles  wrought  iron 
removed  because  of  improper  coating 

Steuben ville,  Ohio 

30 

70 

Tuberculated;  good  after  fifty  years; 
small  pipes  abandoned  because  of 
corrosion 

Boston,  Mass 

826 

66 

Corrosion  }  to  1  inch;  some  abandoned 

on  account  of  salt  marsh  fill 

Elgin,  111 

70 

27 
30 

Grood  as  when  laid 

Champaign,  111 

Good.    No  pitting  inside  or  out 

Philadelphia,  Pa 

1800 

94 

Iron  corrosion  inside; — outside  good 

Waltham,  Mass 

54 

25 

Excellent  condition;  no  pitting  inside 
or  out 

Spokane,  Wash 

359 

30 

Steel;  thirty  years;  good.  Cast  iron, 
good.  Wood,  12  years.  Cast  iron 
and  steel  about  same.  Wood  bands 
gone,  wood  rotten 

Rochester,  N.  Y 

420 

41 

Good 

Las  Vegas,  N.  Y 

23 

35 

Cast  iron  slightly  rusted  outside  due  to 
alkali  soil.  Steel  and  wrought  iron 
rusted  out 

Omaha,  Neb 

297 

35 

Electrolysis  in  1200  feet;  6  inch 

Peru,  Ind 

35 
55 

41 
38 

Excellent  inside  and  outside 

Bangor,  Me 

Excellent  inside  and  outside 

Cincinnati,  Ohio 

714 

70 

Cast  iron  incrusted  inside;  outside  fair 

Pawtucket,  R.  I 

192 

38 

Replaced  with  larger  size;  slightly  tu- 
berculated; outside  good 

Keene.  N.  H 

47 

39 

Replaced  by  larger  size.  Cast  iron 
good.    Wrought   iron   poor,    cement 

lined  on  account  of  breaks 

Hudson,  N.  Y 

30 

42 

Some  pittings  on  outside.  Wood  and 
cement-lined   replaced   because   not 

strong  enough 

Kalamazoo,  Mich 

90 

45 

Good  inside  and  outside 

Fort  Wayne,  Ind 

140 

32 

Good  inside  and  outside  except  pitting 
in  cinder  fill  and  some  electrolysis 

Memphis,  Tenn 

265 

40 

Good 

Buffalo,  N.  Y 

580 
90 

65 
35 

Good 

New  Britain,  Conn 

Some  pitting  in  inside  smaller  mains. 

Outside  pitting  in  cinders.    Cement 

lines  abandoned 

Meadville,  Pa 

35 

40 

Good.    Some  pitting  in  cinder  fill 
Good,    Some  electrolysis 

Streator,  111 

47 

28 
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AOBOP 

' 

PLAOB 

1IILB8 

OLDBST 
PXPB 

CONDITION 

year* 

Lancaster.  Pa 

71 
60 

79 
20 

Good 

Danvers,  Mass 

Cement-lined,  laid  in  1876   given  out. 

especially  in  smaller  sises.     Cast  iron 

tuberculated  inside 

Peekskill,  N.  Y 

40 

Good 

Davenport,  Iowa 

94 

41 

Good 

Marshalltown,  Iowa. . . 

40 

40 

Good 

Hartford,  Conn 

183 

60 

Good.  Cement-lined  failed  and  re- 
placed with  cast  iron 

Milwaukee,  Wis 

517 

43 

Good  as  new  after  forty  years 

Detroit,  Mich 

917 
113 

60 
30 

Good 

Schenectady,  N.  Y 

Good 

Marquette,  Mich 

26 

44 

Slight  incrustation  inside,  outside  clean 
and  bright 

Montgomery,  Ala 

105 

35 

Good  inside  and  outside 

Fort  Wayne,  Ind 

46 

28 

Excellent 

Galveston,  Texas 

73 

29 

Good 

Washington,  D.  C 

591 

57 

Inside  tuberculated.  Outside  good,  ex- 
cept in  ash  fill  and  some  of  the  old 
horizontal-cast  pipes  replaced. 

Ogdensburg,  N.  Y 

30 

25 

Some  cement-lined  pipe  forty-six  years 
old,  still  in  use.  Cast  iron  good  ex- 
cept where  laid  in  peat  bogs 

Lafayette.  Ind 

56 

39 

Perfectly  good  inside  and  out 

Some     tuberculation     inside.    Pitting 

St.  Louis,  Mo 

975 

50 

outside  in  some  places  where  there  is 

damp  yellow  clay 

Evansville,  Ind 

120 

42 

Tuberculation  inside  but  no  pitting  in- 
side or  outside 

New  Orleans,  La 

570 

5 

Good 

Stockton,  Cal 

40 
160 

35 
47 

Good.    Adobe  soil  affects  outside  some 

San  Jose,  Cal 

Inside  good,  outside  some  pitted  due  to 
alkali  soil 

Seattle,  Wash 

584 

35 

Cast  iron  good.  Kalamein  good.  Some 
wood  and  spiral-weld  pipe  removed 

Madison,  Wis 

86 

30 

Good   inside   and   outside,    except   in 

marshy  soil  filled  with  ashes  and  rub- 

bish; 1000  feet  replaced  account  of 

electrolysis 

Holland,  Mich 

29 
38 

19 
32 

Good 

Middletown,  Conn 

Inside    tuberculated.    Outside    clean. 

Cement-lined  replaced 
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▲OB  or 

FLACB 

OLDBSr 
PIPB 

COMOmON 

Weart 

Newburgh,  N.  Y 

48 

61 

Tuberculated  inside,  outside  good 

Battle  Creek,  Mich.... 

73 

28 

Inside  good;  outside  good,  except  few 
places  where  laid  in  swampy  clay; 
2000  feet  6  inch  wood  pipe  in  use  still, 
laid  30  years 

Cumberland,  Md 

40 

30 

Inside  fair,  outside  good 

Dubuque,  Iowa 

57 

55 

Cast  iron,  good 

Quinoy  111 

72 

40 

Cast  iron,  good  inside  and  out 

Johnstown,  Pa 

113 

48 

Good;  some  outside  pitting  due  to  acid 

soil 

Charleston,  S.  C 

Good 

Bridgeport,  Conn 

220 

35 

Tuberculated  inside.  Outside  good. 
Some  electrolysis. 

Proridence,  R.  I 

415 

45 

Some  tuberculation.  Outside  good  ex- 
cept in  heavy  damp  soils 

Portland,  Ore 

543 

60 

Cast  iron  good.    Some  pitting  in  steel 

pipe.    Some  wrought  iron  and  wood 

abandoned. 

Cambridge,  Mass 

138 

58 

Inside  tuberculated.  Outside  good, 
some  electrolysis.  Cement-lined  re- 
moved 

Poughkeepsie,  N.  Y.... 

44 

43 

Good  except  where  laid  in  ashes 

Atlanta.  Ga 

353 

38 

Inside  tuberculated.    Good  except  in 

isolated  places 

Council  Bluffs,  Iowa... 

60 

33 

Cast  iron  incrusted  inside,  good  outside 

Terre  Haute,  Ind 

96 

42 

Cast  iron,  good  inside  and  out;  24  feet 
removed,  electrolysis 

150 

40 

Good  as  new 

Besides  the  iron  corrosion,  various  deposits  are  found  in  mains 
which  are  due  either  to  sedimentation  or  the  settling  of  lime  in  the 
water  after  treatment  for  softening  or  the  deposit  of  limestone,  such 
as  is  found  in  Salt  Lake  City,  Utah,  or  the  deposit  of  mud,  or  the 
deposit  of  red  mud  due  to  the  presence  of  free  iron  in  some  waters, 
particularly  ground  waters.  These  deposits  take  place  in  many 
different  forms.  The  red  mud  deposits  all  around  the  pipe  in  a 
wavy  surface  which  retards  the  flow  very  much.  Then  there  is  a 
clay  deposit,  such  as  that  found  from  the  Big  Muddy  River  in 
southern  lUinois,  where  the  clay  mud  deposits  all  around  the  pipe 
concentrically,  in  one  case  to  the  extent  of  cutting  down  an  8-inch  pipe 


Digitized  by  VjOOQIC 


PMCBS  AND  DEPRECIATION   OP  CAST  IRON  PIPE  151 

to  an  open  area  of  5  inches.  The  surface  of  this  also  was  wavy,  fur- 
ther reducing  the  carrying  capacity  of  that  pipe.  Then  there  are 
the  waters  which  deposit  mud  in  the  bottom  of  the  pipe,  sometimes 
filling  mains  to  more  than  one-half  their  diameter.  This  form  of 
sedimentation  is  found  in  almost  every  part  of  the  United  States 
where  turbid  waters  are  pumped. 

The  results  of  a  number  of  tests  are  submitted  herewith,  Table  3, 
showing  the  approximate  number  of  years  pipes  in  various  localities 
have  been  down,  the  kinds  of  water  passing  throu^  them  and  the 
percentage  of  carrying  capacity  lost  on  account  of  this  corrosion. 
These  tests,  while  not  numerous  enough  to  form  the  basis  for  defi- 
nite conclusions,  may  perhaps  be  of  use  to  the  superintendent  in 
determining  what  his  conditions  and  his  troubles  may  come  from. 
Many  tables  of  the  flow  of  water  in  cast  iron  pipes  give  a  coeflicient 
to  use  for  pipe  a  certain  number  of  years  old.  These  coeflicients  are 
so  variable  that  it  seems  better  to  find  out  what  the  local  conditions 
are  for  each  particular  place  before  deciding  what  a  pipe  will  carry 
after  being  a  certain  number  of  years  in  service.  Some  compara- 
tively hard  waters,  such  as  that  of  the  Great  Lakes,  for  instance,  may 
flow  through  cast  iron  pipe  for  twenty  years  without  seriously  af- 
fecting the  carrying  capacity,  while  the  waters  of  the  Ohio  River 
almost  invariably  reduce  the  canying  capacity  to  a  very  large  ex- 
tent in  that  length  of  time.  In  New  England  the  surface  waters  in 
general  wiU  probably  reduce  the  carrying  capacity  of  small  mains 
from  25  to  40  per  cent  in  twenty  years.  Some  of  the  snow  waters 
of  the  Pacific  Coast  have  reduced  the  carrying  capacity  of  cast  iron 
pipe  to  the  extent  of  50  per  cent  in  twenty  years.  Some  of  the  South- 
em  surface  waters  which  are  very  soft  and  in  some  cases  contain 
organic  acids  have  been  known  to  reduce  by  75  to  80  per  cent  the 
carrying  capacity  of  small  mains  in  a  period  of  twenty  years.  The 
upper  Mississippi,  which  at  times  runs  very  high  in  hardness  seems 
to  affect  pipe  but  very  sUghtly,  except  where  the  water  has  been 
softened,  thereby  causing  a  heavy  rou^  deposit  of  lime.  This  is 
more  or  less  true  also  of  the  Missouri  River  or  Central  Plains  waters. 
Then  there  is  the  Arkansas  River  water,  which  runs  very  high  in  salt 
as  well  as  alkalinity,  and  in  the  small  pipes  carr3dng  this  water  there 
is  frequently  a  reduction  of  50  to  60  per  cent  in  the  carrying  capacity 
in  a  period  of  twenty  years. 

To  give  the  superintendent  an  idea  of  the  effect  of  corrosion  on  6- 
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to  12-inch  mains,  so  that  he  may  judge  of  his  local  conditions  by 
noting  the  interior  of  his  mains  when  cuts  are  made,  the  following 
estimates  are  made: 

Tubercules  from  i  to  J  inch  in  depth,  occurring  principally  at  the 
bottom  of  the  interior  surface  of  the  pipe,  will  cut  the  carrying  capac- 
ity from  15  to  20  per  cent, 

Tubercules  from  i  to  f  inch  in  depth,  covering  practically  the 
entire  inner  surface  of  the  pipe,  will  cut  the  carrying  capacity  from 
35  to  40  per  cent. 

Tubercules  from  J  to  J  inch  in  depth,  covering  the  entire  inner  sur- 
face of  the  pipe,  will  cut  the  carr3dng  capacity  from  45  to  50  per 
cent. 

Tubercules  from  J  to  1  inch  in  depth  all  around  the  inner  surface 
of  the  pipe  will  cut  the  carrying  capacity  down  from  70  to  75  per 
cent. 

To  determine  the  eflFect  of  this  corrosion  on  the  pipe  some  25 
samples  altogether  have  been  analyzed  to  ascertain  the  exact  amount 
of  the  iron  from  the  pipe  which  has  been  destroyed.  In  the  worst 
samples,  the  rate  of  destruction  is  only  about  0.1  per  cent  per  year, 
or  10  per  cent  of  the  iron  in  100  years.  In  some  isolated  cases,  im- 
derneath  these  tubercules,  there  is  a  slight  pitting,  but  even  though 
the  pipes  are  scraped,  some  scale  is  left  covering  this  pitting  and 
forms  more  or  less  of  a  protective  coating  to  the  iron  at  that  point. 
As  a  very  large  factor  of  safety  is  used  in  designing  cast  iron  pipe 
this  pitting  could  be  many  times  as  bad  as  it  has  been  in  any  place 
so  far  observed  without  seriously  endangering  the  strength  of  the 
pipe.  Many  have  seen  samples  of  old  Scotch  pipe  which  was  cast 
on  its  side,  which  had  less  than  J  inch  of  metal,  and  this  thin  metal 
has  stood  the  test  of  fifty  and  sixty  years  service.  An  example  was 
found  in  Boston  where  there  was  only  about  jt  inch  of  metal,  aad  a 
very  light  tap  with  a  chisel  broke  into  the  pipe.  This  pipe  had  been 
in  service  more  than  fifty  years  and  there  had  never  been  a  break  in 
the  line.  Cast  iron  pipe  has  been  in  use  in  France  for  nearly  two 
hundred  and  fifty  years.  Samples  of  pipe  in  Philadelphia,  in  serv- 
ice ninety-eight  years,  show  an  excellent  condition  of  the  metal, 
even  though  an  analysis  indicates  the  presence  in  the  iron  of  ele- 
ments and  compounds  that  the  present-day  foundry  would  not  have 
in  a  piece  of  its  pipe. 
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DISCUSSION 

A.  F.  Eirstbin:  The  speaker  has  adopted  the  plan,  when  making 
repairs,  of  backfilling  the  lower  half  of  the  trench  with  soft  mud  and 
the  upper  half  with  ashes*  Has  the  author  any  information  to  show 
whether  this  will  injure  the  pipe? 

J.  N.  Chester:  In  western  Pennsylvania  there  is  considerable 
slag  and  refuse  from  coal  mines  in  the  ground  at  places.  Whether  a 
pipe  laid  as  Mr.  Eirstein  describes  will  be  injured  will  depend  upon 
whether  the  leaching  from  the  cinders  reaches  the  pipe,  or  whether 
the  cinders  themselves  will  do  as  much  harm  as  the  leaching.  If 
add  is  formed  from  the  cinders  and  reaches  the  pipe,  damage  is 
bound  to  be  done. 

With  regard  to  the  author's  statement  that  tuberculation  is 
about  the  only  depreciation  that  need  be  counted  on  in  cast-iron 
pipe  protected  from  cinders  and  electrolysis,  tuberculation  will  vary 
with  the  kind  and  quahty  of  water  that  the  pipes  carry.  Some  who 
have  used  lime  and  iron  as  coagulant  have  found  that  they  depreci- 
ated pipes  very  rapidly.  When  hypochlorite  is  us^d  in  water  with* 
out  filtration  its  efifects  will  be  apparent  in  the  tuberculation  of  the 
pipe.  Acid  waters  in  mining  districts  act  as  tuberoulators,  and 
all  know  the  efifect  of  turbid  waters.  The  use  of  lime  and  iron  as  a 
means  of  precipitating  the  turbidity  of  our  western  river  waters 
without  filtration  may  cause  severe  tuberculation.  With  filtration 
there  is  no  harmful  efifect 

The  speaker's  experience  is  that  small  pipe  tuberculates  much 
faster  than  larger  pipe.  It  was  attributed  for  a  while  to  the  velocity, 
but  at  Little  Rock,  Ark.,  where  a  4-inch  pipe  was  run  around  from  a 
16-inch  pipe  and  back  into  it,  the  16-inch  pipe  being  a  discharge 
main,  there  was  no  reason  to  believe  that  the  same  velocity  was  not 
maintained  in  each  pipe,  and  yet  the  4-inch  pipe  was  almost  stopped 
up  by  tuberculation,  and  the  16-inch  was  haatUy  tuberculated  at  all. 
Observations  subsequent  to  that  time,  which  was  twelve  years  ago. 
indicate  that  almost  without  exception  a  4-inch  pipe  will  show  far 
greater  tuberculation  than  a  16-inch.  Ordinarily  large  lines  are 
through  Unes^  and  naturally  have  hi^er  velocities  because  they  are 
not  subject  to  dead  ends;  they  are  carrying  water  to  the  smaller 
mains,  and  velocities  are  generally  higher  in  the  larger  than  in  the 
smaller  mains. 
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George  A.  Main:  The  speaker  wil!  be  interested  to  know  the 
author's  estimate  of  the  proportion  of  the  frictional  loss  due  to  the 
increased  velocity  made  necessary  by  the  reduced  crossnaection,  and 
the  proportion  of  the  frictional  loss  due  to  the  tuberculation. 

With  regard  to  the  greater  tuberculation  and  precipitation  in 
small  pipes  as  compared  with  large  pipes,  the  speaker  has  found  that 
there  will  be  more  lime  precipitated  from  the  softened  water  of 
Daytona  in  a  |-inch  goose  neck  than  in  the  f-inch  pipe  forming 
part  of  the  same  service,  although  both  carry  the  same  amount  of 
wate  .  The  following  explanation  of  this,  and  of  the  greater  pre- 
cipitation in  small  than  in  large  pipes  is  offered:  The  eddy  currents 
produced  near  the  surface  of  the  small  pipes  bring  practically  all 
particles  of  water  into  contact  with  the  surface  of  the  pipe.  In  the 
larger  mains,  the  eddy  currents  are  probably  smaller  in  proportion 
to  the  diameter  of  the  pipe,  and  therefore  considerable  water  flowing 
near  the  axis  of  the  pipe  would  come  in  contact  with  the  metal  much 
less  frequently  than  in  a  small  pipe.  With  a  given  velocity  of  flow 
there  would  be  much  more  precipjltation  where  all  the  water  has  a 
chance  to  reach  the  surface  of  the  pipe. 

Rudolph  Hering:  The  effect  of  the  roughness  of  the  surface  of  a 
conduit  on  the  flow  of  water  through  it  was  well  shown  by  some  of 
the  celebrated  experiments  of  Darcy  and  Bazin.  One  of  their  tests 
concerned  two  lines,  each  several  hundred  feet  long,  with  semi-circu- 
lar channels  1  meter  in  diameter.  One  was  lined  with  rough  rubble 
masonry;  the  other  was  lined  with  cement  made  perfectly  smooth. 
They  foimd  that  the  quantity  of  water  passing  through  the  smooth 
cement-lined  channel  of  the  same  sectional  area  and  scope  was  just 
about  twice  that  which  went  through  the  channel  having  the  rough 
rubble  surface.  The  50  per  cent  loss  was  due  to  nothing  else  but  the 
increased  roughness. 

Has  not  the  quality  of  the  material  more  to  do  with  this  question 
of  tuberculation  and  roughness  than  the  size  of  the  pipe?  The 
speaker  recalls  some  celebrated  experiments  made  years  ago  in  the 
Whortley  Iron  Works,  near  Ekiinbiu-gh,  Scotland,  by  Andrews,  who 
found  that  the  quality  of  the  material  had  a  great  deal  to  do  with 
the  tuberculation,  caused  by  the  formation  of  a  battery,  as  it  were, 
by  pure  iron,  uncombined  carbon,  and  the  acid  character  of  the 
water.  The  slightly  acidulated  water  caused  the  electrical  action. 
Those  experiments,  published  in  England  about  thirty  years  ago, 


Digitized  by  VjOOQIC 


PRICES   AND   DEPRECIATION  OF  CAST  IRON   PIPE  157 

very  clearly  indicated  that  the  presence  of  uncombined  carbon  in 
wrought  and  cast  iron  was  the  chief  cause  of  rust.  Therefore,  in  San 
Francisco,  the  engineer  of  the  Spring  Valley  Water  Company,  Mr. 
Schussler,  desiring  to  use  iron  pipe  at  a  time  when  it  was  very  ex- 
pensive to  get  iron  pipe  on  the  Pacific  Coast,  thought  that  he  might 
use  wrought-iron  for  his  pipe;  and  as  he  had  in  mind  the  experiments 
made  at  the  Whortley  Iron  Works,  his  specifications  called  for  iron 
from  which  the  uncombined  carbon  had  been  almost  entirely  re- 
moved by  repeated  rolling.  The  speaker  saw  some  of  those  pipes 
after  some  years'  use,  and  he  was  surprised  at  their  condition.  There 
was  hardly  any  rust  on  the  siuf ace  after  many  months'  exposure  to 
air  and  rain.  Therefore  he  thinks  the  imcombined  carbon  that  is 
generally  found  in  cast-iron  may  have  a  good  deal  to  do  with  the 
tuberculation  of  iron  pipes. 

Charles  F.  Barrett:  On  1915,  an  examination  of  a  number  of 
water  mains  in  Salt  Lake  City  showed  that  they  were  carrying  only 
36  to  65  per  cent  of  the  quantity  of  water  they  should  deliver.  They 
were  then  cleaned  and  the  discharge  through  them  tested.  These 
tests  showed  that  the  average  discharging  capacity  of  the  cleaned 
mains  was  about  99  per  cent  of  the  theoretical  capacity.  An  analy- 
sis by  the  state  chemist  of  the  scale  removed  by  the  cleaning  opera- 
tions showed  that  it  was  composed  of  90  per  cent  of  calcium  carbo- 
nate, 5  per  cent  of  silica,  3  per  cent  of  iron  and  alumina,  and  2  per 
cent  of  magnesia. 

E.  E.  Davis:  The  speaker  has  taken  up  a  great  deal  of  pipe  laid 
in  the  forties,  and  found  it  the  worst  pipe  he  ever  had  experience 
with.  He  has  taken  up  4-inch  pipe  that  showed  what  were  then 
called  "rust  bubbles"  but  are  now  called  "tubercles."  An  old  water- 
works man  told  the  speaker  that  this  badly  tuberculated  pipe  laid 
in  the  forties  was  made  at  blast  furnaces  and  not  in  foundries;  in 
other  words,  they  did  not  run  the  iron  into  pigs  but  the  pipes  were 
cast  at  the  furnace.  In  tho^e  days  the  makers  did  not  have  to 
conform  to  any  specification  as  to  quaUty.  There  was  some  old 
pipe  in  which  it  was  impossible  to  cut  a  hole  with  a  diamond,  yet  it 
became  tuberculated. 

In  Richmond  not  much  trouble  is  experienced  with  anything  ex- 
cept James  River  mud.  Since  sulphate  of  alumina  has  been  used  as 
a  coagulant,  instead  of  the  mud  inside  the  pipes  becoming  very  hard 
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it  has  a  consistency  like  that  of  vaseline.  Fonnerly  when  there  was 
a  fire  it  was  difficult  to  obtain  a  good  stream  out  of  a  pipe  because  of 
that  mud,  until  the  hydrant  was  allowed  to  flow  for  a  while  and  the 
mud  was  flushed  out. 

Leonard  Metcalf:  The  discussion  might  be  directed  to  one  or  two 
points  of  importance  in  their  bearing  upon  valuation  of  water  wcurks. 

First,  you  are  lu-ged  to  do  everything  that  you  can  to  keep  your 
records  clear  and  to  keep  good  records  of  the  actual  cost  ot  your 
work  as  you  go  along.  That  is  coming  to  be  a  matter  of  greater 
importance  in  valuation  and  rating  problems  as  time  goes  on.  As  an 
example  of  the  effect  of  information  of  that  sort,  there  may  be  cited 
the  recent  valuation  of  the  Indianapolis  Water  Company,  the  rates 
of  which  were  imder  question.  The  cast-iron  pipe  records  were  in 
very  fair  shape  from  the  earliest  da3rs  of  the  company  down  to  date. 
The  greater  part  of  the  piu-chases  had  been  made  in  the  last  twenty 
years,  so  that  they  had  a  far  greater  influence  on  total  cost  of  [npe 
than  the  earlier  purchases,  though  the  earUer  pim^ases  had  been 
at  much  higher  rates;  but  after  a  study  of  the  cost  of  the  pipe  and 
actual  purchases  by  that  company,  and  by  other  companies  in  that 
vicinity,  it  was  concluded  that  the  ten-year  average  was  approxi- 
mately $24  per  ton  of  2000  pounds;  that  the  five-year  average  was 
approximately  $1.50  per  ton  less  than  that  amount;  but  that  the 
actual  cost  of  all  the  pipe  purchased  in  the  life  history  of  the  plant 
was  approximately  $25.90  per  ton.  Therefore,  it  was  suggested  to 
the  Commission  that  in  all  fairness  to  the  company  and  justice  to 
the  community,  the  five-year  average  which  had  sometimes  been  used 
in  such  cases  was  not  a  fau*  one  to  use,  nor  did  the  t^i-year  average 
in  this  case  do  fuU  justice  to  the  facts,  particularly  as  an  era  or  a  period 
of  high  prices  is  here.  Inasmuch  as  there  could  be  no  doubt  that  the 
average  price  for  the  succeeding  or  coming  ten  years  will  doubtless 
be  higher  than  for  the  past  ten  years,  it  would  certainly  be  fairer  to 
use  a  figure  more  nearly  approaching,  if  it  did  not  equal,  the  actual 
cost  of  the  pipe  to  the  company.  Therefore,  in  this  case  the 
importance  of  the  record  to  the  company  is  clear. 

It  is  also  of  importance  to  know  the  exact  source  of  data.  It  has 
been  very  conmion  to  use  quotations  from  trade  journals;  if  no  bet- 
ter information  is  avaUable,  these  may  be  of  value,  but  if  the  records 
of  actual  prices  paid  within  the  decades  covered  by  the  records  are 
compared  with  these  quotations,  considerable  divergencies  will  ap- 
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pear  even  though  a  comparison  of  the  prices  paid  by  neighboring 
cities  for  the  pipe  show  fairly  consistent  and  similar  results.  The 
statement  which  one  sometimes  hears,  that  pipe  is  not  bought  in 
the  years  of  high  prices  and  that  therefore  less  weight  should  attach 
to  the  years  of  high  prices  than  to  the  years  of  low  prices,  is  not 
borne  out  by  the  history  of  existing  plants  generally.  A  study  of 
such  records  shows  cases  of  which  that  can  be  said,  and  many  cases 
of  which  it  cannot  be  said.  The  speaker  does  not  feel  that  the  data 
which  he  has,  though  they  cover  the  experience  o  a  number  of 
works,  are  broad  enou^  to  determine  the  average  condition.  In 
comparing  the  prices  of  pipes  bought  by  seven  or  eight  cities,  as 
many  cities  were  found  to  have  bought  pipe  at  the  higher  prices  as 
had  bought  it  at  the  generally  lower  prices,  which  simply  illustrates 
what  all  know,  that  when  the  need  is  urgent  mains  must  be  laid 
regardless  of  the  price  of  pipe. 

With  regard  to  the  carrying  capacity  of  mains,  it  is  frequently 
found,  particularly  with  waters  carrying  more,  rather  than  less,  or- 
ganic matter,  that  a  pipe  line  in  proximity  to  reservoirs  will  show 
greater  frictional  loss  or  resistance,  particularly  when  the  source  of 
supply  is  from  a  river  or  lake,  than  elsewhere  in  the  pipe  system,  owing 
to  incrusting  organic  material  and  slime  or  sponge.  The  speaker 
has  seen  sponges  one-half  of  a  square  foot  in  area  and  2  or  3  inches 
in  length  in  some  penstocks  and  pipe  lines  and  Uving  aquaria  inside 
of  these  pipe  lines  in  proximity  to  the  reservoirs  or  sources  of  supply. 

The  progressive  deterioration  in  any  good  pipe  line  is  difficult  to 
determine  from  inspection  or  measm*ement.  The  most  accurate  and 
helpful  way  to  determine  it  is  to  make  experiments  and  keep  records 
of  the  increasing  frictional  resistance  to  flow  in  the  pipe  line  from 
year  to  year.  The  speaker  had  a  very  interesting  experience  a  few 
years  ago  in  going  through  a  number  of  wrought-iron  and  steel  pipe 
lines.  Among  them  was  a  pipe  of  the  New  Bedford  Water  Works, 
inspected  with  Thaddeus  Merriman,  of  the  New  York  board  of 
water  supply,  who  had  been  through  this  same  pipe  and  taken  mi- 
crometer measurements  of  the  pitting  about  five  years  before.  It 
was  hoped  to  obtain  suggestive  ideas  from  that  comparative  experi- 
ence; and  quite  a  large  number  of  measurements  of  the  length  of  the 
tubercles  and  blisters  and  pitting  were  made.  This  pipe  line  was  of 
steel  and  not  of  cast-iron;  but  the  same  thing  might  be  said  of  a 
cast-iron  pipe  line.  The  pipe  line  was  entered  at  a  number  of  points 
and  traversed  through  several  hundred  feet,  in  the  aggregate,  of  its 
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length.  Mr.  Merriman  stated  that  he  could  not  see  that  a  compari- 
son of  his  earlier  and  later  records  showed  any  substantial  differ- 
ence; whereas  the  pumping  station  records  did  show  some  difference. 

The  Pitometer  Company  has,  in  the  course  of  its  experience, 
made  some  exceedingly  interesting  studies  of  pipe  lines  in  this  coun- 
try. The  speaker  remembers  one  such,  reported  at  Denver,  where 
the  plant  was  being  valued.  Some  approximate  experiments  had 
been  made  with  more  or  less  crude  apparatus  to  determine  the  fric- 
tion loss  of  the  lines.  The  results  were  higher  than  expected,  and  it 
seemed  wise  to  have  more  precise  measurements  made.  The  Pito- 
meter Company  was  called  upon  to  assist;  and  in  order  to  get  as  use- 
ful information  as  possible,  pipe  lines  of  var3dng  ages,  varying  from  a 
decade  or  more,  were  selected  and  gagings  were  made  in  the  hope  of 
being  able  to  determine  the  progressive  deterioration  in  canying 
capacity.  The  data  are  quite  interesting,  and  will  be  valuable  when 
placed  side  by  side  with  other  similar  records.  Of  course  they  can- 
not be  directly  appUed  to  any  other  condition,  particularly  as  it  was 
clear  that  the  waters  of  that  region,  perhaps  due  to  their  magnesia 
content,  had  resulted  in  a  greater  roughening  of  the  siuf  ace,  or  suf- 
ficient roughening  of  the  surface,  to  account  for  the  difference  in 
carrying  capacity,  although  this  was  not  always  apparent  to  the  eye. 
Dr.  Hering  has  already  called  attention  to  the  fact  that  a  very 
slight  apparent  difference  in  the  character  of  the  surface  may  bring 
about  a  very  marked  difference  in  carrying  capacity. 

The  speaker's  experience  has  been  the  same  as  Mr.  Chester's, 
that  with  pipe  of  like  ages  it  is  found  that  when  the  coeflScient  for 
the  Hazen- Williams  formula  for  a  certain  age  is,  let  us  say,  80  for 
smaU  pipe,  for  a  large  pipe  of  like  age  the  coefficient  will  be  90  or 
100,  or  more;  in  other  words,  that  the  same  reduction  in  carrying 
capacity  does  not  result  in  the  larger  pipe,  although  the  apparent 
interior  condition  of  the  pipe  does  not  differ  so  markedly  that  the 
difference  can  be  distinguished  by  eye. 

The  speaker  has  been  through  hundreds  of  feet  of  the  Spring  Val- 
ley Water  Company's  pipe,  in  and  near  San  Francisco  which  was 
referred  to  by  Dr.  Hering,  which  has  made  a  most  remarkable  record 
fot  itself.  The  record  was  due  partly  to  the  excellent  surface  coat- 
ing developed  by  Mr.  Schussler  which  has  shown  remarkable  prop- 
erties after  forty-seven  years'  use.  Pipes  were  traversed  that  had 
been  down  twenty-five  or  thirty  years  and  the  coating  was  found 
almost  perfect.    While  it  appeared  fairly  hard  it  could  be  dented 
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with  the  thumb-nail.  Placing  the  thumb  on  it  and  working  it 
gradually  from  side  to  side  softened  the  coating  enough  to  flow;  yet 
it  has  been  hard  enough  to  keep  its  shape.  Allen  Hazen  and  the 
speaker  went  through  700  feet  of  another  pipe  line  44  inches  in  di- 
ameter, and  there  were  only  one  or  two  blisters  in  each  length  of  3 
feet  or  so,  which  shows  in  what  a  remarkable  state  of  preservation 
that  pipe  line  is. 

With  regard  to  Mr.  Davis's  statements  about  the  tuberculation  of 
old  cast-iron  pipe,  it  is  probable  that  while  some  part  of  the  improved 
canying  capacity  of  recent  pipe  may  be  due  to  better  metal  and 
better  foimdry  practice,  most  of  it  is  to  be  attributed  to  the  pipe 
coating.  A  large  part  of  the  old  cast-iron  pipe  was  uncoated,  and 
its  quaUty  varied  greatly. 

F.  N.  Connbt:  Tuberculation  seems  to  be  quite  distinct  from  in- 
crustation and  is  more  apt  to  occur  with  soft  than  with  hard  waters. 
In  cross-section  a  true  tubercle  is  built  up  of  a  series  of  thin  layers 
like  an  onion  and  the  speaker  beUeves  that  two  layers  per  year  are 
usually  deposited.  Since  the  growth  of  crenothrix  also  occurs  twice 
a  year,  the  question  arises  whether  the  tubercle  may  not  be  the  re- 
mains of  successive  growths  of  this  organism.  The  metallic  iron 
underneath  the  tubercle  is  usually  dissolved  out  in  the  shape  of  an  in- 
verted cone  leaving  the  imcombined  carbon  unaltered  and  intact,  but 
this  latter  can  be  easily  cut  out  with  a  pen  knife. 

The  speaker  has  observed  the  tendency  of  tubercles  to  coUect 
near  brass  fittings,  which  suggests  electrolytic  action  also.  May  not 
the  crenothrix,  because  of  its  iron  content,  be  deposited  electro- 
lytically  upon  the  tubercle,  thus  causing  it  to  grow  indefinitely?  In 
other  words,  may  not  a  tubercle  be  in  reality  a  graveyard  of  many 
generations  of  crenothrix? 

B.  B.  Hodgman:  In  discussing  old  records  of  prices  of  pipe  it  is 
important  to  keep  in  mind  the  ton  used  in  each  case  as  the  unit  of 
quantity.  At  Providence,  R.  I.,  for  instance,  pipe  was  bought  by 
the  long  ton  down  to  1905.  In  comparing  prices  over  a  long  range 
of  years,  the  selling  price  may  be  found  to  have  been  affected  at 
times,  in  a  measure,  by  the  currency  conditions,  which  some  persons 
consider  were  influential  in  fixing  prices  from  1868  to  1873. 

Where  pipe  lines  are  covered  by  a  foot  or  more  of  earth  which  is 
covered  in  tiun  by  cinders,  the  author  has  never  discovered  that 
water  percolating  down  through  such  backfilling  injured  the  pipe. 
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The  tuberculation  of  pipes  as  actually  found  during  testing  and 
cleaning  operations  presents  many  interesting  features.  For  in- 
stance, in  recent  tests  of  a  24-inch  main  and  a  10-inch  main  laid  at 
about  the  same  date,  the  larger  pipe  was  foimd  to  be  carrying  con- 
siderably over  50  per  cent  of  its  rated  capacity  when  new  and  the 
smaller  pipe  about  40  per  cent.  In  Lockport,  N.  Y.,  it  was  found 
that  the  carrying  capacity  in  a  6-inch  main  in  a  busy  part  of  the 
city  was  only  40  per  cent  of  that  of  new  pipe,  but  farther  along, 
where  there  was  a  much  lower  velocity  through  the  main,  the  capaci- 
ty was  90  per  cent  of  that  of  new  pipe.  It  has  been  observed  that 
the  number  of  taps  in  a  main  has  a  decided  influence  on  the  deteri- 
oration in  its  carrying  capacity.  For  instance,  2000  feet  of  8-inch 
pipe  without  taps,  tested  in  New  Haven,  Conn.,  showed  a  much 
smaller  loss  of  capacity  than  was  found  in  the  next  2000  feet,  where 
there  were  taps  for  a  house  on  each  side  of  the  street  every  60  feet 
or  so.  As  a  rule,  it  is  foimd  that  there  is  more  tuberculation  in  a 
line  with  taps  than  in  one  without  them.  The  reduction  in  area  by 
tuberculation  is,  of  course,  proportionally  greater  with  small  than 
large  pipes.  Half  an  inch  of  incrustation  on  the  inside  of  a  4-inch 
main  reduces  its  area  about  45  per  cent,  whereas  half  an  inch  of 
incrustation  on  a  16-inch  main  reduces  its  area  only  7  per  cent. 
It  is  this  decrease  in  effective  area  of  a  pipe  which  is  responsible  for 
a  considerable  part  of  the  difference  in  its  carrying  capacity;  the 
decrease  should  not  be  attributed  exclusively  to  increased  frictional 
resistance  due  to  tuberculation. 
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IN  MANKATO^ 

By  H.  F.  Blomquist 

Mankato  is  located  in  the  artesian  basin  of  Minnesota,  being  in 
the  southwestern  part  of  it,  and  a  number  of  artesian  wells  have 
been  sunk  in  the  city.  The  first  was  sunk  in  1888.  One  of  the 
deepest  wells  in  the  United  States  is  located  only  1|^  miles  from 
here.  The  hills  around  Mankato  are  about  230  feet  above  the 
street  level  and  the  city  wanted  a  well  upon  the  top  of  one  of  these 
bills,  called  Bimker  Hill,  one  of  the  highest  in  the  city.  A  well  was 
drilled  about  2204  feet  deep  and  was  at  that  time  one  of  the  deepest, 
if  not  the  deepest,  in  this  coimtry.  The  water  rose  within  about 
40  feet  from  the  surface.  That  would  bring  the  water  approxi- 
mately 175  feet  above  the  elevation  of  the  business  section  of  the 
city.  It  was  intended  to  run  that  water  into  a  reservoir  but  the 
plan  did  not  work  out  as  well  as  anticipated.  The  city  spent  $12,000 
in  the  experiment  but  the  well  has  never  been  used.  An  artesian 
well  was  sunk  in  this  city  about  two  years  ago  that  is  1452  feet  deep. 

One  of  the  first  wells  that  was  drilled  was  about  365  feet  deep. 
Two  others  were  sunk  about  665  feet  each  and  gave  the  required 
supply  of  water.  In  1900  one  of  those  wells  was  deepened  to  1365 
feet  to  increase  the  flow  of  that  well.  The  flow  then  was  over  600 
gallons  a  minute,  flowing  at  the  surface  of  the  ground.  That  was 
sufficient  until  more  wells  were  dug,  particularly  one  by  the  Hubbard 
Milling  Company.  The  one  deepened  to  1365  feet  was  again  deep- 
ened last  summer  to  1450  feet,  and  given  an  iron  casing  to  a  depth 
of  220  feet.  Steel  casing  lasts  about  twelve  or  fifteen  years.  It  has 
been  necessary  to  replace  the  casings  of  two  wells  within  the  last 
three  years.  A  bad  feature  is  that  when  the  casing  starts  to  leak  it 
is  necessary  to  put  in  a  smaller  casing,  thereby  reducing  the  size  of 
the  well.  In  the  last  well  that  was  built,  a  cast  iron  casing  was  used, 
A  16-inch  hole  was  drilled  and  a  15-inch  pipe  was  lowered  about 
90  feet.    A  15-inch  hole  was  continued  to  156  feet.    Cast  iron  pipe 

^Abstract  of  a  paper  read  before  the  Minnesota  Section,  November  10, 
1M7. 
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was  made  expressly  for  this  well,  threaded  at  the  ends  and  coupled 
together  with  brass  couplings,  and  it  is  hoped  the  well  will  stand 
about  fifty  years  more. 

The  water  here  contains  a  certain  amount  of  substances  that  are 
not  wanted  and  some  kind  of  purification  is  desirable.  There  are 
some  peculiarities  in  the  water  not  found  in  the  ordinary  well  sup- 
plies. The  artesian  water  comes  from  the  depths  where  the  pres- 
sure is  very  high,  and  since  water  under  high  pressure  holds  sub- 
stances in  solution  which  would  otherwise  be  in  soUd  form,  the  water 
of  Mankato  contains  matter  in  solution  which  is  afterwards  precipi- 
tated when  the  pressure  is  reUeved.  Evidence  of  this  is  often  seen 
when  water  is  drawn  from  a  faucet  into  a  glass.  The  water  contain- 
ing carbon  dioxide  in  solution  under  pressure  holds  iron  and  sul- 
phiu-  compounds  in  solution,  which,  when  the  pressure  is  reUeved 
and  the  water  comes  into  contact  with  air,  undergo  chemical  reac- 
tions which  change  the  iron  compound  to  ferric  hydroxide  which 
precipitates  into  a  brown  substance,  and  is  so  often  seen  when  water 
is  allowed  to  run  slowly  over  a  light  colored  surface.  The  sulphur 
is  given  oflF  in  the  form  of  hydrogen  sulphide,  which  has  the  peculiar 
odor  that  is  responsible  for  the  erroneous  assumptions  of  some  con- 
sumers that  the  water  has  become  stagnant  in  the  mains.  The  car- 
bon dioxide  is  also  given  off  when  the  pressure  is  reUeved,  and  being 
a  gas  it  forms  in  small  particles  and  gives  to  the  water  a  milky  or 
turbid  appearance  often  seen  when  filling  a  glass,  but  which  soon 
passes  off  leaving  the  water  clear.  Because  of  this  quahty  of  the 
water  it  is  necessary  to  flush  the  water  mains  very  often. 
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THE  PROBLEMS  OF  A  SMALL  WATER  WORKS  PLANT 
FROM  THE  MANAGER'S  STANDPOINT^ 

By  T.  C.  Gordon 

The  electric  power  plant  and  water  system  at  Little  Falls,  Minn., 
are  both  owned  and  operated  by  the  same  company.  The  power  is 
generated  from  falls  in  the  river.  The  two  public  utilities  are  housed 
in  the  same  building  and  the  same  men  operate  both.  Water  is 
pumped  directly  into  the  main  from  the  Mississippi  River,  there  being 
no  storage  reservoir  or  filtration  system,  and  there  are  no  auxiliary 
fire  pumps. 

There  are  two  pumps  having  a  maximum  discharge  of  2,225,000 
gallons  and  this  is  taxed  during  fires  of  any  great  extent.  The  au- 
thor is  not  familiar  with  what  other  towns  of  similar  size  (7000)  are 
doing,  but  he  knows  that  with  the  pumps  and  a  fire  pressure  of  125 
pounds  it  is  hard  to  get  a  satisfactory  pressure  a  mile  or  more  away 
from  the  station.  None  of  the  mains  are  less  than  6-inch  and  in  all 
of  the  business  section  they  are  8  and  10  inches. 

The  pumping  station  is  three-quarters  of  a  mile  from  the  busi- 
ness district.  When  it  is  necessary  to  repair  the  main  feeder,  all 
preliminary  work  is  carried  out  as  far  as  possible  before  midnight, 
when  the  pump  pressure  is  reduced  or  the  pumps  shut  down  entirely 
if  necessary,  while  the  leak  is  repaired.  Repairs  to  laterals  are  made 
behind  closed  valves,  of  which  there  is  a  liberal  supply.  There  are 
only  three  dead  ends  in  the  system.  Repairs  with  lead  wool  were 
tried  but  the  work  was  not  satisfactory  so  that  lead  and  oakum  were 
again  used.  The  company  does  not  care  to  experiment  with  new 
ideas  if  old  methods  are  satisfactory. 

In  the  town  the  service  from  the  main  to  the  curb  is  owned  by  the 
property  owner,  but  when  a  leak  appears  the  company  is  advised 
that  its  main  is  broken  and  usually  has  to  make  the  repairs,  but  only 
occasionally  is  it  repaid.  The  company  taps  its  mains  and  furnishes 
the  corporation  cock.  As  a  general  thing  the  sewer  and  water  pipe 
are  laid  in  the  same  ditch,  the  sewer,  of  course,  being  much  lower 
than  the  water  service. 

*  Abstract  of  paper  read  before  the  Minnesota  Section,  November  10, 1917. 
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All  mains  are  laid  8i^  feet  below  street  grade.  Frost  troubles  are 
confined  to  services,  which  are  thawed  out  with  electric  current 
using  a  10-kilowatt  transformer  mounted  on  a  wagon  with  connec- 
tion to  a  hydrant  and  to  a  service  pipe  inside  the  premises.  A  50- 
volt  tap  on  the  transformer  is  used,  thereby  getting  a  heavier  flow  of 
current.  A  frozen  service  is  thawed  out  in  less  than  five  minutes. 
Last  winter  many  services  froze  which  had  not  frozen  in  previous  years. 
Fire  hydrants  are  closely  watched  and  steamed  out  with  a  portable 
steamer.  Hydrants  are  inspected  after  every  fire  to  see  that  they 
have  drained  properly.  A  great  deal  of  trouble  has  been  experienced 
with  roots  plugging  up  the  drain  on  fire  hydrants. 

When  the  system  was  installed  (1890)  the  contract  provided  that 
a  supply  of  pure  and  wholesome  water  should  be  provided  taken 
from  the  Mississippi  River.  It  was  then  generally  taken  for  granted 
and  understood  that  flowing  water  purified  itself  in  every  15  or  20 
miles  of  travel.  The  company  went  along  on  this  theory  for  several 
years  and  must  have  pumped  out  of  the  river  miUions  of  germs  but 
without  any  typhoid  outbreak.  It  installed  one  of  the  first  hypo- 
chlorite plants  in  the  state,  much  to  the  disgust  of  the  station  oper- 
ators who  had  to  look  after  it.  As  soon  as  the  Uquid  chlorine  method 
of  purification  was  effected  the  company  tore  out  the  chloride  plant 
and  installed  the  Uquid  chlorine.  From  the  standpoint  of  continu- 
ity of  service  the  chlorine  system  is  not  entirely  satisfactory.  Parts 
will  get  out  of  order  and  cause  shut-downs,  but  any  shut-down  means 
the  pumping  of  impure  water  and  this  of  course  is  something  that 
must  be  avoided. 

An  auxiliary  pumping  plant  is  to  be  located  within  three  blocks 
of  the  business  center.  The  new  imit  will  be  motor-driven  with  a 
remote  control  switch  at  the  present  pumping  station,  and  will  be 
used  especially  for  fire  protection  and  in  time  of  trouble  at  the  main 
plant.  It  is  also  planned  to  install  a  filtration  plant  and  a  stand- 
pipe  with  motor-driven  pumps  to  operate  at  off-peak  periods,  These 
improvements  are  awaiting  an  easier  market. 
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ADVANTAGES  OF  A  LOCAL  SECTION  OF  THE  AMERICAN 
WATER  WORKS  ASSOCIATION^ 

By  F.  W.  Cappelen 

The  Minnesota  section  has  34  members  and  is  the  smallest  of  all 
the  sections  now  formed.  By  states,  including  Canada,  Minnesota 
stands  eleventh  in  number  of  members;  25  of  the  34  members  reside 
in  Minneapolis,  St.  Paul  and  Duluth  leaving  only  9  members  scat- 
tered around  the  state.  There  is  a  splendid  opportunity  for  cam- 
paigning for  members  among  the  small  city  water  works  officials  in 
Minnesota.  We  need  the  smaller  water  works  men  for  their  good 
and  ours. 

Quoting  from  the  speech  of  President  Metcalf  at  the  Richmond 
convention, 

We  should  strive  to  reach  and  serve  the  general  practitioner,  the  practically 
trained  man,  rather  than  the  highly  educated  or  technical  one  occupying 
highly  specialised  position,  to  give  this  large  class  of  capable  men  the  oppor- 
tunity not  only  to  get  together  in  annual  convention,  but  to  assist  in  develop- 
ing and  advancing  the  state  of  art  in  their  particular  fields  of  activity. 

The  local  organisations  in  any  profession  or  calling  have  an  advantage  over 
those  of  national  membership,  in  that  they  afford  greater  opportunities  for 
personal  touch  and  discussion. 

This  statement  by  Mr.  Metcalf  hits  the  nail  squarely  on  the  head. 
Have  you  really  considered  the  tremendous  importance  of  our  posi- 
tion, that  of  furnishing  pure,  wholesome  water  for  all  the  people? 

Those  using  chemicals  in  the  purification  of  water  probably  know, 
the  difficulties  encountered  in  obtaining  such  supplies.  The  author 
has  been  obUged  to  take  up  the  matter  of  car  service  for  the  Min- 
neapolis Water  Works  with  the  Board  of  National  Defense.  His  ar- 
gument for  preferential  car  service  was  this:  Assume  we  could  not 
get  service  and  would  have  to  supply  impure  water  to  400,000  peo- 
ple, and  cause,  may  be,  a  typhoid  fever  epidemic  with  a  death  rate 
as  bad  as  the  war  itself,  what  shall  the  water  department  do?  This 
suggestion  worked.  Minneapolis  was  assured  car  service.  It  can 
be  readily  seen  how  the  section  can  be  put  to  work,  and  the  more 
members,  plant  members,  we  get,  the  more  influence  the  section 
will  have.  There  are  in  Minnesota  271  domestic,  and  16  privately 
owned  water  plants  besides  264  privately  owned  well  supplies. 

^  Read  before  the  Minnesota  Section,  November  10, 1917;  abstract  furnished 
by  Section  Secretary. 
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NOTES  ON  THE  PRESUMPTIVE  TEST  FOR  B.  COLI^ 
By  Max  Levine 

fbcaminations  of  waters  for  B.  coll  constitute  an  important  part 
of  the  tests  employed  for  the  control  of  water  supplies.  Isolation 
and  complete  identification  of  the  organisms  is  too  laborious  and 
costly  for  routine  work  and  it  is  therefore  desirable  to  have  some 
simple  test  by  which  the  probable  presence  of  B.  coli  may  be  quickly 
determined  with  a  suflSciently  high  degree  of  reliability  to  give  a 
reasonably  accurate  idea  of  the  existence  of  pollution. 

The  ideal  medium  for  such  a  presumptive  test  would  be  one  in 
which  B.  coli  flourishes  while  other  forms  are  inhibited,  but  this  ideal 
has  not  as  yet  been  attained.  The  requirements  of  a  reliable  pre- 
sumptive test  may  be  briefly  stated  as  follows: 

1.  The  medium  employed  must  be  one  in  which  a  test  characteristic 
of  B.  coli  is  quickly  obtained  and  easily  recognized. 

2.  The  medium  should  not  inhibit  the  growth  of  B.  coli  nor  per- 
mit its  overgrowth  by  such  forms  as  B.  aerogenes. 

3.  Anaerobic  spore-forming  gas  producers  should  be  inhibited  or 
some  simple  supplementary  test  provided  by  which  errors  due  to 
their  presence  may  be  eliminated. 

4.  It  is  desirable  thatt  the  test  should  also  differentiate  between 
true  B.  coli  and  B.  aerogenes. 

Until  1906,  the  most  conunonly  employed  presumptive  test  was 
gas  production  in  dextrose  broth.  The  formation  of  25  to  70  per 
cent  gas,  of  which  approximately  one-third  was  C0»  was  regarded  as 
an  excellent  indication  of  the  presence  of  B.  coli  and  dangerous  pollu- 
tion. This  criterion  has  been  conclusively  discredited.  The  vari- 
ability of  the  gas  ratio  as  determined  in  routine  analysis,  the  many 
bacterial  forms  which  ferment  dextrose  but  not  laxtose,  coupled  with 
the  relatively  greater  incidence  of  such  forms  in  treated  and  partially 
piuified  sources  than  in  polluted  waters,  makes  the  old  dextrose  broth 
presumptive  test  an  imreliable  index  of  pollution.  This  is  particu- 
larly true  in  warm  weather. 

^  Read  before  the  Iowa  Section  on  October  10,   1917. 

168 


Digitized  by  VjOOQIC 


PBBSUMPTIVE  TEST  FOR  B.  COLI  169 

Since  1906  the  most  commonly  employed  presumptive  test  has 
been  lactose  peptone  bile.  The  advantages  over  dextrose  broth 
are  many,  but  recently  there  has  been  a  tendency  to  use  lactose 
broth  in  order  to  eliminate  the  inhibitory  action  of  bile. 

Where  pollution  has  been  recent,  the  lactose  bile  or  lactose  broth 
presumptive  tests  are  very  reliable,  but  with  relatively  pure  or 
treated  waters,  a  positive  presumptive  test  is  not  infrequently  ob- 
tained when  no  B.  coli  are  present.  This  confusion  is  due  to  the 
presence  of  spore-bearing  anaerobic  lactose  fermenters.  The  error 
may  be  easily  eliminated  by  plating  from  the  positive  lactose  bile  or 
broth  tubes  to  some  solid  medium  in  petri  dishes,  as  recommended 
by  the  U.  S.  Treasury  Department  Standard  for  drinking  waters  on 
conmion  carriers. 

The  recent  work  of  Rogers  and  his  associates  of  the  United  States 
Department  of  Agriculture,  which  has  been  confirmed  by  many  other 
investigators,  has  demonstrated  conclusively  that  there  is  a  marked 
correlation  between  certain  types  of  coli-like  bacteria  and  their 
sources.  Two  types  may  be  easily  distinguished;  the  B.  coli  which 
is  constantly  found  in  feces  of  man  and  in  sewage  but  rarely  in  un- 
polluted soil,  and  the  B.  aerogenes  which  is  rarely  obtained  from 
feces,  but  commonly  found  in  cropped  soil,  on  grains,  etc.  That 
these  two  types  are  very  di£ferent  in  their  sanitary  significance  is 
evident,  since  B.  coli  is  characteristically  of  fecal  origin  whereas  B. 
aerogenes  is  not.  It  is  therefore  desirable  that  they  be  diOTerenti- 
ated  in  routine  water  anal3rsis. 

The  following  procedure  is  suggested  as  routine: 

1.  Plant  portions  of  the  sample  in  0.5  per  cent  lactose  peptone 
broth.    Incubate  at  37**C.  for  forty-eight  hours. 

2.  After  twenty-four  hours  incubation  smear  onto  eosine  methyl- 
ene blue  a^^ur  plates  described  below,  from  the  highest  dilution  show- 
ing any  gas  (preferably  also  from  the  next  highest  dilution)  i^d  in- 
cubate at  37^C.  for  tweinity-four  hours. 

If  gas  production  is  due  to  B.  coli,  characteristic  black  colonies 
with  a  metallic  lustre  wUl  develop  on  the  eosj^e-methylene  blue  agar 
in  fifteen  to  twenty-four  hours.  B.  aerogenes  also  grows  well  on 
this  medium  but  its  colonies  are  so  distinctly  different  from  B.  coli 
as  to  be  easily  distinguished.  Anaerobic  spore-forming  gas  produc- 
ers will,  of  course,  not  develop,  thus  eliminating  the  error  introduced 
by  their  presence  in  the  fermentation  tubes. 
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Ladose  broth.  The  new  Standard  Methods  of  Water  Anal3rBis  of 
the  American  Public  Health  Association  recommend  0.5  per  cent 
peptone  and  1  per  cent  lactose  for  the  lactose  broth  medium,  and  in- 
cubation for  forty-eight  hours  before  any  confirmatory  tests  are  ap- 
plied. With  1  per  cent  lactose,  this  period  of  incubation  is  too  pro- 
longed and  detrimental  to  the  successful  isolation  of  B.  coli.  In  a 
private  communication  Dr.  Joseph  Race  of  Ottawa,  Canada,  points 
out  that  beginning  with  equal  quantities  of  B.  coli  and  B.  aerogenes 
there  are  found  many  times  as  many  B.  aerogenes  as  B.  coU  in  1  per 
cent  lactose  peptone  bile-isalt  broth  after  forty-eight  hours.  The 
ratio  may  be  as  high  as  18  to  1.  The  probability  of  obtaining  B. 
coli  from  such  a  mixture  by  plating  on  litmus  lactose  agar  is  evidently 
slight. 

In  some  unpublished  studies  in  this  laboratory  it  has  been  ob- 
served that  with  pure  cultures  of  B.  coli  a  maximum  count  is  ob- 
tained in  about  twelve  hours.  In  a  medium  with  1  per  cent  lactose 
B.  coli  begins  to  die  off  after  twenty-four  hours,  some  strains  dis- 
appearing very  rapidly  whereas  many  B.  aerogenes-like  forms  do  not. 
If  the  quantity  of  lactose  is  reduced  to  0.5  per  cent,  the  death  of  B. 
coli  is  retarded  considerably,  and  the  probability  of  its  detection 
thereby  increased.  One^lf  of  one  per  cent  lactose  is  sufficient  for 
rapid  and  characteristic  fermentation  and  this  quantity  therefore 
seems  more  desirable  than  the  standard  1  per  cent. 

Eosine  methylene  blue  agar.  The  agar  medium  reconunended  is  a 
modification  of  that  employed  by  Holt-Harris  and  Teague  for  the 
isolation  of  B.  t3rphi,  and  is  prepared  as  follows:  Distilled  water, 
1000  cc:  agar,  15  grams:  peptone  (Difco),  10  grams:  KsHPOi,  2 
grams. 

Boil  imtil  dissolved.  Make  up  loss  due  to  evaporation,  and  place 
measured  quantities  in  flasks  or  bottles.  Sterilise  in  autoclave  for 
fifteen  minutes  at  15  pounds  pressure. 

Neither  adjustment  of  the  reaction  nor  filtration  is  Qecessary. 

For  use  the  following  materials  are  added  to  each  100  cc.  of  the 
melted  agar  as  prepared  above:  1  gram  or  5  cc.  of  the  sterile  20 
per  cent  lactose  solution,  2  cc.  of  2  per  cent  aqueous  yellowish  eosine, 
and  2  cc.  of  0.5  per  cent  aqueous  methylene  blue.  The  aqueous 
solutions  of  the  dies  will  keep  in  the  ice  box  several  months. 

Differentiation  of  B.  coli  and  B,  aerogenes.  On  the  eosine  methylene 
blue  agar  as  prepared  above,  B.  coli  forms  characteristic  button-like 
colonies  2  to  4  mm.  in  diameter  with  large  black  centers.     There  is 
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also  a  greenish  metallic  lustre  and  they  are  only  slightly  raised  above 
the  surface  of  the  medium.  B.  aerogenes  forms  colonies  which  are 
much  larger,  considerably  raised  above  the  surface  of  the  medium: 
characteristically  show  a  relatively  small  brown  center  and  the  metal- 
lie  lustre  is  rarely  observed. 

Of  122  colonies  tentatively  diagnosed  as  B.  coli  from  their  appear- 
ance on  the  agar,  97  per  cent  were  B.  coli,  while  of  102  colonies  of 
supposed  B.  aerogenes  83  per  cent  were  confirmed.  The  differentia- 
tion on  this  medium  therefore  seems  reasonably  rehable. 

Conclusions,  In  the  lactose  broth  presumptive  test,  1  per  cent 
lactose  is  detrimental  to  the  successful  isolation  of  B.  coli,  as  many 
strains  die  off  rapidly  after  twenty-four  hours.  A  reduction  of  the 
lactose  to  0.5  per  cent  reduces  this  error  and  is  therefore  recommended 
for  routine  tests. 

For  a  rapid  confirmatory  test,  the  modified  eosine  methylene  blue 
agar,  because  of  its  simplicity,  ease  of  preparation,  and  the  differen- 
tiation which  it  permits  between  B.  coli  and  B.  aerogenes,  may  ad- 
vantageously be  substituted  for  litmus  lactose  agar  or  the  Endo 
mediimi,  in  routine  water  analysis. 

The  necessity  for  confirming  the  presumptive  test  and  differen- 
tiating between  the  objectionable  B.  coli  and  the  more  widely  distrib- 
uted B.  aerogenes  and  anaerobic  gas-formers  is  not  only  of  theo- 
retical interest  but  of  considerable  practical  significance  when  deal- 
ing with  surface  waters  which  are  purified  by  sedimentation  or  chlori- 
nation.  Where  the  positive  presumptive  test  is  due  to  spore  form- 
ers, the  amount  of  chlorine  necessary  to  remove  them  is  far  in  excess 
of  that  required  to  make  the  water  safe.  B.  aerogenes  also  seems  to 
be  more  resistant  to  treatment  than  B.  coli.  A  knowledge  of  the 
type  of  bacteria  responsible  for  a  positive  presumptive  test  thus 
becomes  of  practical  significance. 
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LABOR  SAVING  MACHINERY^ 
By  J.  A.  Jensen 

A  change  from  steam  to  electrical  pumping  reduces  the  number  of 
men  required  for  operation.  One  motor  tender  and  an  assistant 
replace  the  firemen,  coal  passers,  boiler  cleaners,  engineers  and  oilers 
required  for  steam  pumping.  In  filter  plants  much  of  the  machinery- 
is  power  operated  and  automatic,  requiring  only  supervisory  atten- 
tion. Auxiliary  electrically  driven  pumps  for  booster  service  are 
automatically  controlled  by  float  switches  in  the  standpipes.  They 
are  visited  occasionally  by  the  engineer  for  the  pm-pose  of  inspection 
and  lubrication. 

Labornsaving  machinery  is  required  more  and  more  each  year  be- 
cause of  the  growing  scarcity  of  labor.  Trenching  machines  for 
water  pipe  lajdng,  auto  trucks  for  transportation  and  other  kinds 
of  machinery  for  the  handling  of  earth  and  materials  are  labor- 
saving  devices. 

In  1913  the  city  of  Minneapolis  purchased  a  large  trenching  ma- 
chine for  use  on  several  miles  of  trupk  pipe  lines.  This  machine  put 
out  39,200  cubic  yards  of  earth  at  a  unit  cost  of  9.3  cents  per  cubic 
yard  on  about  3  miles  of  trench.  On  another  piece  of  work  a  steam 
shovel  on  back-fill  handled  23,730  cubic  yards  on  9250  feet  of  trench 
at  a  imit  cost  of  4.8  cents  per  cubic  yard. 

On  work  in  limestone  ledge,  trenching  for  pipe  laying,  an  air  com- 
pressor and  operator  with  two  plug  drills  and  two  men  replaced 
twenty  men  with  hand  drills.  In  laying  steel  pipe  the  same  com- 
pressor with  ten  boiler  makers  equipped  with  the  necessary  riveting 
and  calking  hammers,  reaming  tools  and  other  equipment  carried 
on  the  work  of  a  whole  company  of  similar  skilled  labor  with  hand 
tools. 

A  single  first-class  power  operated  trench  pump  has  been  found 
to  do  as  much  work  as  three  hand-operated  pumps  manned  by  a 
dozen  laborers. 

*  Abstract  of  paper  before  the  Minnesota  Section,  November  10,  1917. 
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In  service  work  with  miscellaneous  jobs  scattered  over  40  or  more 
square  miles  of  territory,  Ford  runabout  trucks  are  employed,  each 
rig  and  two  men,  generally  speaking,  replacing  three  single-horse 
rigs  and  six  men.  This  is  explained  by  the  fact  that  the  principal  part 
of  the  performance  in  street  service  is  mileage,  and  the  work  itself  is 
secondary  so  far  as  time  element  is  concerned. 
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METALIUMi 
By  Homer  V.  Knoube 

The  industrial  progress  of  the  United  States  has  been  due  not 
only  to  the  inherent  enterprise  of  Americans,  but  almost  equally  to 
their  readiness  to  put  aside  old  methods  and  try  new  processes. 
This  has  been  true  particularly  in  connection  with  concentrated  in- 
dustries commanding  large  capital  and  corresponding  profits.  In 
such  cases,  under  intelligent  management,  new  ideas  have  bepn  not 
only  welcomed  but  experimental  work  encoiu*aged  notwithstanding 
the  uncertainty  of  results  and  the  expense  involved,  which  in  many 
instances  has  been  enormous. 

However,  there  are  certain  industrial  processes  that  have  been 
unaffected  by  this  spirit  of  progress,  that  are  utilized  today  just  as 
they  were  fifty  years,  even  a  hundred  or  more  years  ago.  Examples 
are  those  used  here  and  there  in  construction  work,  mostly  simple 
in  character  and  while  far  from  Id.eal,  yet  not  unsatisfactory.  Such 
processes  have  thus  persisted  largely  as  the  result  pf  habit,  and  the 
absence  of  the  incentive  of  material  financial  gain,  which  alone  seems 
capable  in  the  industrial  world  of  overcoming  the  inertia  of  habit  and 
compelling  the  adoption  of  improved  methods. 

One  of  these  unimproved  processes  is  the  use  of  lead  for  jointing 
bell-and-spigot  water  pipe.  This  practice  was  in  vogue  more  than 
a  century  ago,  and  the  method  remains  practically  imchanged  to 
this  day,  even  to  the  use  of  a  mud  or  clay  roll  as  a  joint  runner,  which 
still  persists  in  many  instances.  It  is  true  that  lead  makes  a  very 
satisfactory  joint  when  properly  run  and  calked^  but  the  material 
and  method  are  far  from  ideal.  First,  lead  is  relatively  expensive, 
hence  the  loss  from  oxidation  and  scattering  is  material;  also  being 
readily  saleable,  it  is  subject  to  theft.  Second,  for  melting,  it  re- 
quires a  relatively  high  degree  of  heat,  often  resulting  in  over-heat- 
ing and  hence  oxidation.  Third,  if  not  hot  enough  it  cools  before 
the  joint  is  entirely  filled,  and,  in  spite  of  calking,  the  joint  will  ulti- 

>Read  before  the  Iowa  Section  on  October  10,  1917. 
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mately  leak.  Fourth,  its  handling  is  not  without  danger  because  of 
its  weight  and  the  liability  of  explosion  in  case  of  wet  joints.  Fifth, 
a  lead  joint  must  be  calked  and  the  calking  should  be  done  by  a  reli* 
able,  skilled  mechanic,  otherwise  a  bell  may  be  ruptured,  and  here 
and  there  the  bottom  of  a  joint  neglected  because  of  the  difficulty  of 
getting  at  it.  SkiUed  calking  is  constantly  growing  more  expen- 
sive, in  some  localities  the  wage  demanded  being  as  high  as  55  cents 
per  hour,  with  a  limit  on  the  number  of  the  joints  for  a  day's  work. 
Unskilled  calking  means  an  imsatisfactory  job,  sooner  or  later. 
Sixth,  calking  requires  the  digging  of  bell  holes  which  adds  to  the 
cost  of  excavation.  Seventh  a  leak  in  a  lead  joint  will  persist;  it  will 
not  decrease  automatically  but  it  increases  with  time. 

In  view  of  the  shortcomings  of  the  lead  joint,  the  management  of 
the  Omaha  water  plant,  some  years  ago,  began  seeking  a  substitute 
for  lead,  and  as  result,  experimented  with  a  metalloidal  composition 
or  alloy  k^own  as  metalium.  The  advantages  claimed  for  this  ma- 
terial are  the  following: 

1.  Low  cost.  To  compete  with  metalium  as  a  joint  filler  lead 
would  have  to  sell  at  approximately  2  to  2^  cents  per  pound. 

2.  Low  melting  temperature.  This  is  a  little  more  than  one-third 
that  of  lead,  resulting  not  only  in  a  saving  of  fuel  but  also  eliminating 
all  danger  from  explosion  in  pouring  a  wet  joint. 

3.  A  relatively  high  specific  heat.  This  insures  with  greater  cer- 
tainty the  complete  filling  of  a  joint,  and  enables  joints  to  be  poured 
successfully  at  a  considerable  distance  from  the  melting  pot. 

4.  A  low  specific  gravity.  This  is  about  one-fifth  that  of  lead. 
Thus  a  man  can  easily  handle  a  bucket  of  molten  metalium  sufficient 
to  run  a  48-inch  joint. 

5.  No  calking  required.  This  eUminates  the  expense  of  calkers 
and  the  digging  of  bell-holes  and  also  materially  expedites  the  work 
of  installing  pipe  lines. 

6.  The  automatic  closing  of  leaks  developing  in  metalium  joints. 
Initial  leaks  gradually  close  and  those  due  to  subsequent  settlement 
of  pipe  eventually  terminate  likewise. 

After  a  number  of  trials,  it  was  concluded  that  these  claims  were 
substantially  justified,  and  metalium  has  been  utilized,  to  the  exclu- 
sion of  lead,  in  the  installation  of  all  pipe  lines  within  the  Metro- 
politan Water  District  for  the  past  four  years  or  more.  In  fact,  a 
carload  of  lead  purchased  early  in  1913  was  subsequently  sold  at 
war  prices,  thereby  netting  the  District  a  handsome  profit. 
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Joints  of  all  sizes  of  pipe  have  been  run,  from  3  inches  to  48  inches 
in  diameter,  and  dming  the  period  in  question  in  the  neighborhood 
of  fifty  miles  of  pipe  lines  have  been  installed  in  the  Water  District, 
subject  to  pressures  as  high  as  115  pounds,  using  metalium  alone  as 
the  jointing  material.  In  the  care  of  pipe  of  larger  diameters  than 
24  inches,  however,  a  bestolyte  lining  is  inserted  before  the  metalium 
is  poured. 

In  view  of  these  facts,  it  would  seem  that  metalium  should  sup- 
plant lead  in  the  installation  of  water  mains  under  ordinary  condi- 
tions, and  that  too,  notwithstanding  the  inertia  of  habit,  as  the  sav- 
ing per  mile  of  pipe  in  comparison  with  the  use  of  lead,  at  13  cents 
per  pound  (the  quoted  price  of  lead  when  these  calculations  were 
made)  is  approximately  as  follows: 

Diameter  of  pipe,  inches 6  12  24  48 

Saving  per  mile $565        $093         $2415         $5160 

While  metalium  possesses  a  number  of  advantages  over  lead  as 
a  jointing  material,  yet  its  adoption  entaik  one  disadvantage  that 
should  be  realized  and  imderstood  by  any  one  contemplating  its  use. 
This  disadvantage  consists  in  the  initial  leakage  that  often  takes 
place  in  metaUum  joints  when  the  water  is  first  turned  on.  In  a 
lead  joint,  this  leakage  is  obviated  by  calking,  while  in  the  case  of 
a  metalium  joint,  the  pressure  is  left  on  with  the  result  that  calking 
is  accomplished  automatically,  it  being  simply  a  matter  of  time.  This 
self-calking  is  not  merely  an  accidental  result,  experience  having 
demonstrated  it  to  be  positive  and  certain  in  character. 

Although  this  disadvantage,  therefore,  is  apparent  rather  than 
real,  it  can  readily  constitute  a  real  obstacle  to  the  adoption  of 
metalium  in  the  mind  of  one  contemplating  its  use,  due  to  the  fear 
that  such  initial  leaks  will  not  close.  However,  experience  soon  dis- 
sipates this  fear  and  begets  full  confidence,  so  that  ultimately  there 
is  no  hesitation  to  cover  a  pipe  line  as  rapidly  as  joints  are  run, 
which  is  imvarying  practice  in  the  Metropolitan  Water  District. 

The  following  test  illustrates  this  self-caUdng  quality:  After  a 
newly  laid  pipe  line  was  filled,  the  valves  at  each  end  were  closed, 
and  the  line  supplied  with  water  through  a  f  inch  meter.  The  first 
reading  indicated  a  leakage  of  1790  gallons  per  mile  in  twenty-four 
hours  per  inch  of  diameter  of  pipe;  two  daj^  later  this  leakage  was 
564  gallons;  five  days  later  it  was  174  gallons;  one  day  later  139  gal- 
lons; two  dsLys  later  115  gallons;  three  days  later  85  gallons,  and  at 
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Completed  Metauum  Joint  before  the  Gate  has  been  Broken  Ofk 


Metalium  Furnace 
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Lkad  FcftNACE  Converted  into  Metalium  Fvhsacis  by  Rbducino  Gratb 
Area  to  an  Scinch  Cxrclb 


Melting  Metalium  Over  an  Open  Fire  on  a  Small  Job 
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a  subsequent  reading  of  the  meter^  the  line  was  practically  tight.  In 
this  connection  it  should  be  remembered  that  authorities  are  not 
wanting  that  decree  a  lead  jointed  pipe  line  tight  when  the  leakage 
does  not  exceed  300  gallons  upon  the  same  basis  of  measurement. 
A  mile  of  24-inch  pipe,  which  showed  a  considerable  initial  leakage 
when  jSrst  put  into  service,  was  subsequently  tested  and  found  to  be 
practically  bottle  tight. 

Again,  the  accounting  department  of  the  Metropolitan  Water  Dis- 
trict affords  monthly  statements  of  water  passing  through  all  con- 
sumers' meters,  and  these  statements  show  that  more  than  83  per 
cent  of  the  water  supplied  to  the  city  of  Omaha  (Venturi  meter 
measurement)  is  accounted  for  through  such  consumers'  meters,  and 
this  notwithstanding  the  fact  that  there  are  still  about  500  flat-rate 
services  in  use  and  some  600  sewer  flush  tanks  unmetered.  The  es- 
timated water  used  by  these  unmetered  services,  together  with  that 
used  in  building,  for  street  flushing  and  sprinkling,  the  flushing  of 
sewers  and  water  pipe  trenches,  and  the  water  reguired  for  fire  serv- 
ice, is  estimated  at  5  per  cent,  thus  making  the  total  water  ac- 
counted for  88  per  cent  of  that  supplied  to  the  tMstrict.  When  it  is 
remembered  that  some  water  sjrstems  cannot  accoimt  for  more  than 
60  per  cent  of  the  water  supplied,  it  suggests  that  the  mains  of  the 
Metropolitan  Water  District  are  reasonably  tight. 

Metalium  is  of  a  dark  greyish  luster,  and  is  supplied  conmiercially 
in  globular  form,  put  up  in  bags  of  100  poimds  each.  In  use,  it  is 
melted  and  poured  just  as  in  the  case  of  lead.  However,  while  the 
temperature  of  molten  lead  when  poiu^d  is  immaterial,  in  the  case  of 
metalium  the  temperature  is  important;  it  must  not  be  too  hot. 
It  is  not  diflScult  to  tell  when  metalium  is  ready  to  pour,  as  it  is 
then  a  thin,  nearly  black,  oily  appearing  liquid.  If  too  hot,  molten 
metalium  is  inclined  to  thicken  and  does  not  pour  readily.  The 
diflSculty  of  firing  the  ordinary  lead  furnace  so  as  to  limit  the  tem- 
perature rejQders  it  unsuitable  for  metalium.  However,  if  the  grate 
area  of  such  a  furnace  is  choked  down  with  fire  brick  and  clay  so  as 
to  leave  the  open  surface  but  8  inqhes  in  diameter,  such  a  furnace  can 
be  utilized.  But  the  best  plan  is  to  secure  the  specially  designed 
metalium  furnace,  as  it  is  light,  cheap,  and  admirably  arranged  for 
temperature  control.  It  is  surprising  the  small  amount  of  fuel 
required — either  coal  or  wood.  In  the  Water  District  work  old 
discarded  lumber  is  chopped  up  for  this  purpose. 

Furnaces  using  oil  or  gasoline  are  also  satisfactory  but  are  difficult 
to  keep  going  in  a  high  wind.     It  is  very  important  that  the  bell 
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and  spigot  of  the  joint  to  be  run  should  be  thorou^y  clean  and  free 
from  oil  or  grease.  For  this  reason  unoiled  jute  yarn,  only,  should 
be  used  for  packing.  Tarred  yarn  or  yam  that  is  not  free  from  oil 
or  grease  must  be  avoided.  As  a  matter  of  fact,  practically  all  ini- 
tial joint  leakage  can  be  obviated  if  particular  care  is  exercised  in 
cleaning  and  keeping  clean,  each  bell  and  spigot,  using  a  putty 
knife  to  remove  all  lumps  and  blisters  in  the  pipe  coating.  One  of 
the  Water  District's  most  successful  foremen  does  this,  and  after 
the  joint  is  yarned,  he  inserts  a  loose  strand  of  yam  so  as  to  keep  the 
joint  free  from  dirt  until  poured,  a  practice  that  wiQ  be  found  highly 
profitable  in  connection  with  lead  joints. 

Any  form  of  joint  runner  can  be  utilized,  smearing  it  with  wet 
clay  before  placing  it  around  the  pipe.  The  gate  must  be  made 
larger  than  for  lead  and  should  be  at  least  6  to  8  inches  high  above 
the  spigot.  In  the  Metropolitan  Water  District  work,  clay  is  the 
material  used  for  making  gates  in  jointing  pipe.  In  this  connection, 
a  roimd  wooden  gate  peg  is  very  useful.  This  peg  is  conical  in  form, 
10  inches  long,  2  inches  in  diameter  at  the  bottom,  and  3  inches  at 
the  top.  The  bottom  of  the  peg  is  inserted  between  the  ends  of  the 
joint  mnner  where  they  come  together  to  form  the  gate,  then  clay 
is  built  up  about  this  peg,  which  is  then  tinned  around  once  or 
twice  atnd  withdrawn  leaving  a  well  formed  gate  of  the  right  height. 

The  metalium  gate  buttons  can  be  remelted,  but  it  is  important 
that  they  should  be  thoroughly  cleansed  and  broken  up  before  being 
put  back  in  the  melting  pot. 

From  the  foregoing,  it  is  evident  that  the  technique  of  this  jointing 
material  is  simple,  and  it  can  be  easily  mastered  by  the  ordinary 
workman;  moreover,  when  faithfully  carried  out,  it  will  afford  highly 
satisfactory  results.  However,  it  should  be  remembered  by  those 
contemplating  the  use  of  metalium,  that  they  will  arouse  the  resent- 
ment of  calkers,  for  the  very  good  reason  that  the  adoption  of  this 
material  means  their  practical  elimination.  This  was  the  experi- 
ence in  Omaha.  Every  calker  at  once  insisted  that  metalium  was  a 
failure,  and  tried  to  make  it  a  failure,  even  going  so  far  as  to  throw 
dirt  surreptitiously  into  the  joints  ready  to  pour.  Failing  in  this, 
they  sent  their  friends  to  the  Water  Board  with  warnings  as  to  the 
dangerous  innovation  that  was  being  attempted.  All  this,  now,  of 
course,  is  past  and  gone,  so  far  as  the  MetropoHtan  Water  District 
work  is  concerned,  but  others- attempting  to  use  this  material  will 
probably  meet  with  the  same  experience,  as  human  nature  is  the 
same  the  world  over. 
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NEW  DESIGN  OF  SCREEN  CHAMBERS 
By  John  H,  Lance 

In  the  use  of  water  for  supply  purposes,  its  freedom  from  foreign 
bodies  is  of  prime  importance.  While  ordinarily  the  water  of 
driven  or  dug  wells  or  infiltration  galleries  is  free  from  detritus,  all 
stream,  reservoir  and  lake  supplies  require  careful  screening  before  the 
water  is  admitted  to  the  distribution  S3^tem.  Among  the  bodies  to  be 
removed  from  the  water  are  grass,  leaves,  sticks,  bits  of  bark,  and  fish; 
f^nd  by  far  the  most  troublesome  of  these  are  leaves  in  all  stream  and 
small  reservoir  supplies.  Masses  of  water  grass  only  occasionally 
move  to  the  point  of  intake;  sticks  usually  only  by  reason  of  a  high 
stage  of  water  in  the  source  of  supply.  Unlike  these  substances, 
which  do  not  often  of  themselves  form,  by  lodging  against  the  screen, 
a  tight  barrier  to  the  passage  of  water,  leaves  may  practically  seal 
the  screen  and  eflfectually  shut  oflF  the  supply.  This  result  may  be 
caused  also,  but  rarely,  by  small  fish,  of  such  a  size  as  to  be  unable  to 
resist  being  carried  by  the  current  at  the  intake.  When  they  have 
been  held  against  a  screen  for  twenty-four  hours,  these  fish  make  a 
tight  seal  and  a  very  difficult  coating  to  remove;  one  that  is  not 
readily  released  when  the  pressure  is  removed,  as  are  leaves.  Only 
the  rarity  of  conditions  favoring  such  occurrences  spares  the  water- 
works operatives  a  vast  amount  of  trouble.  On  the  other  hand, 
the  leaf  nuisance,  especially  in  supplies  from  small  reservoirs  and 
streams,  makes  constant  demands  upon  the  attention  of  the  opera- 
tives for  a  considerable  part  of  the  year. 

The  customary  method  of  removing  these  substances  is  to  install 
at  the  intake  of  the  supply  main,  a  screen  affixed  to  the  pipe,  or 
two  sets  of  screens  in  series,  which  may  be  drawn  up  out  of  the 
water  for  cleaning  and  replaced  again  for  service.  The  former 
arrangement  which  is  applicable  only  to  very  small  depths  of  water 
on  the  screen,  is  economical  in  first  cost,  but  its  use  has  not  always 
proved  so  economical;  for  owing  to  any  one  of  many  causes  the  screen 
might  not  receive  the  necessary  attention  at  the  very  time  when  it 
was  most  needed.    The  latter  arrangement  necessitates  a  consider- 

iRead  before  the  Richmond  ConTention,  May  0,  1917. 
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able  structure  to  hold  the  screens  in  place  and  house  them  while  being 
cleaned.  If  the  reservoir  is  of  great  depth  the  process  of  cleaning  is 
tedious  and  expensive,  involving,  as  it  does,  the  hauling  up  of  all 
the  screens  in  one  set  and  their  replacement,  for  each  cleaning. 
During  the  time  of  cleaning  the  upstream  set,  the  downstream  set  is 
receiving  leaves  and  trash.  While  the  cleaning  of  this  set  takes  place, 
much  of  the  debris  l3dng  against  the  screen,  and  any  fish  between  the 
two  sets,  go  down  into  the  supply  main  to  appear  at  the  various 
fixtures  of  consumers  or  block  the  operation  of  meters. 


Connection  for 
plungerrod 


Outlet 


A  New  Type  of  Screen  Chamber 

To  obviate  these  difficulties  the  pressure  screen-chamber  here  de- 
scribed was  designed.  It  consists  essentially,  of  a  vertical  cylinder 
<livided  by  a  horizontal  diaphragm  into  two  compartments.  The 
upper  or  inlet  compartment  conmnunicates  with  the  lower  or  outlet 
through  a  circular  opening  in  the  diaphragm  and  thence  through  the 
meshes  of  an  open-ended  cylindrical  screen  resting  in  the  lower  com- 
partment, of  a  diameter  nearly  that  of  the  opening.  The  lower  end 
of  the  screen  is  concentric  with  the  end  of  a  blow-off  pipe  with  a 
gate  valve  on  it,  normally  closed.  The  inlet  pipe  enters  the  inlet 
compartment  tangentially,  while  the  outlet  may  leave  in  any  direc- 
tion relative  to  that  of  the  inlet,  preferably  in  a  radial  position.    Any 
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flow  from  the  inlet  pipe  sets  up  a  whirling  motion  in  the  water  in 
the  upper  compartment.  In  passing  through  the  screen  cylinder,  it 
has  a  circumferential  as  well  as  a  downward  motion,  which,  owing 
to  the  passage  of  water  through  the  meshes  of  the  screen,  diminishes 
as  the  bottom  of  the  screen  is  approached.  The  result  of  this  is  to 
confine,  largely,  the  foreign  matter  carried  by  the  water  to  a  central 
cone  the  base  and  height  of  which  are  approximately  those  of  the 
screen.  The  upturned  end  of  the  blow-oflf  pipe  being  made  of  nearly 
as  great  a  diameter  as  the  screen,  this  results  in  an  accumulation  of- 
d^bris  directly  in  the  pipe.  When  blocking  of  the  screen  has  pro- 
gressed to  a  point  at  which  there  is  a  noticeable  loss  of  head  at  the 
screen,  as  measured  preferably  by  a  mercury  U-tube  or  a  diflferential 
gage,  the  blow-oflf  gate  is  opened.  The  head  in  the  blow-oflf  pipe 
is  then  reducted  to  zero,  or  nearly  so,  the  hydraulic  gradient  from  the 
reservoir  to  the  screen  chamber  is  increased,  and  the  high  velocity 
established  is  transmitted  directly  to  the  water  passing  diagonally 
downward  over  the  face  of  the  screen  and  out  the  blow-oflf  pipe. 
Ordinarily,  the  cleaning  of  the  screen  is  accomplished  in  about  the 
time  that  it  takes  to  open  and  close  the  blow-oflf  gate.  If  it  is  de- 
sired to  maintain  a  considerable  continuous  flow  through  the  outlet 
pipe,  the  blow-oflf  gate  need  not  be  opened  wide,  in  which  case  the 
operation  will  require  a  longer  time.  Under  no  conditions  is  an 
appreciable  amount  of  water  wasted. 

Also  incorporated  in  the  design  is  a  hollow  segmental  brush,  for 
use  in  cases  when  the  screen  does  not  have  attention  for  such  long 
periods  that  a  deposit  of  small  fish  is  not  readily  removed  by  the 
flowing  water. 

For  the  intake  pipes  of  piunping  stations  the  devices  are  best  set 
in  batteries  of  two,  so  arranged  that  one  can  be  put  in  service  while 
the  other  is  being  cleaned.  In  this  case  the  cleaning  is  preferably 
done  by  jets  of  high-pressure  water  directed  downward  from  the 
edge  of  the  diaphragm  across  the  screen.  Where  electric  power  is 
available,  the  use  of  proper  contact  devices  at  the  point  of  measure- 
ment of  the  loss  of  head  at  the  screen  wiU  make  the  entire  screening 
operation  automatic,  both  for  gravity  and  pumping  supplies. 

For  use  with  a  gravity  water  supply,  the  devices  have  been  foimd 
to  operate  most  successfully  between  the  heads  of  40  and  60  feet, 
though  there  is  no  valid  objection  to  their  use  at  other  heads,  under 
certain  conditions.  They  are  made  entirely  of  reinforced  concrete 
with  the  exception  of  the  manhole  cover,  which  is  of  cast  iron. 
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The  principle  of  pressure  screening,  from  which  the  design  was  de- 
veloped, was  first  suggested  by  O.  M.  Lance,  General  Manager  of 
the  Spring  Brook  Water  Supply  Company.  The  operation  of  the 
screen  chambers  has  been  found  to  be  so  economical  and  efficient 
that  they  have  been  adopted  as  a  standard  by  the  above  named 
company.  As  convenient,  all  its  supply  lines,  20  in  all,  will  be 
equipped  with  the  new  device,  and  the  old  sliding  screens  removed, 
only  bar  screens  being  Irft  in  place.  The  new  screen  chambers 
have  been  patented. 
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REMOVAL  OF  IRON,  MANGANESE  AND  CARBON 
DIOXIDE  FROM  WATERS 

Robert  Spxjrr  Weston:  There  was  a  very  interesting  case  of 
decarbonation  at  a  i^ant  which  the  speaker  cannot  refer  to  by  name. 
The  works  were  originally  supplied  from  groimd-water  sources. 
Lead  poisoning  developed  to  an  alarming  degree,  and  as  a  result 
the  ground-water  supply  was  abandoned  in  great  part  and  slow  sand 
filters  installed,  taking  a  very  highly  colored  ground  water,  purifying 
it  to  a  very  good  degree  and  supplying  it  to  the  city.  The  groimd 
water  in  the  beginning  contained  55  parts  per  million  of  carbonic 
acid.  When  the  slow  sand  filters  were  started,  of  course  the  carbonic 
acid  content  of  the  water  furnished  to  consumers  was  reduced  to 
practically  that  of  the  surface  water,  less  than  10  parts  per  miUion, 
and  the  corrosion  of  the  lead  pipe  services  stopped  inmiediately. 
After  a  period  of  about  fifteen  years  of  operation  of  the  sand  filters 
much  coagulated  brown  vegetable  matter  accumulated  in  the  sand, 
and  the  filters  were  so  efficient  that  they  converted  this  brown 
vegetable  matter  into  carbonic  acid,  so  that  three  years  ago  the 
amoimt  of  carbonic  acid  in  the  sand  filter^effluent  was  nearly  what 
it  was  in  the  well  water  some  years  before  and,  strange  to  say,  the 
wife  of  the  attorney  of  the  water  company  developed  a  very  severe 
case  of  lead  poisoning,  and  the  matter  had  to  be  attended  to. 

Experiments  were  made  similar  to  those  made  by  the  author  and 
the  conclusion  was  reached  that  aeration  alone  increased  the  corro- 
sive action  of  the  water  on  the  lead  surfaces  to  a  great  degree,  and 
that  the  carbonic  acid  which  was  left  in  the  water  after  aeration 
was  more  corrosive  than  the  original  amount  without  the  oxygen. 
It  was  found,  however,  that  the  addition  of  very  small  amounts  of 
either  lime  or  magnesiiun  oxide,  the  latter  particularly,  would  prac- 
tically prevent  the  corrosive  action  on  the  lead.  The  amount  added 
was  about  8  parts  per  million  of  quicklime  or  6  parts  per  million  of 
magnesium  oxide,  equivalent  to  about  one-half  grain  to  the  gallon. 

^DiscuBsion  of  a  paper  by  Frank.  A.  Barbour  on  "Decarbonation  and  Re- 
moval of  Iron  and  Manganese  from  Ground  waters  at  Lowell,  Mass.,"  in  the 
JouBNAL  for  June,  1917 
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This  slight  addition  increased  the  hardness  somewhat,  but  it  was  de- 
cided to  apply  the  method.  The  addition  of  lime  with  aeration  did 
not  produce  the  best  results.  The  water  at  that  time  contained 
over  1  part  per  million  of  lead  and  was  treated  with  about  10  parts 
per  million  of  lime. 

This  application  was  immediately  followed  by  a  reduction  in  the 
amount  of  lead  and  now,  nearly  at  the  end  of  the  third  year  of  opera- 
tion, the  lead  in  the  water  in  ordinary  use  has  been  reduced  to  about 
0.08  part  per  million;  and  in  conditions  where  the  water  stands  in 
services  over  night,  to  about  0.26  part  per  million;  in  both  cases 
considerably  less  than  the  permissible  amount.  As  to  "permissible 
amount,"  the  speaker  beUeves  that  any  lead  at  all  in  water  is  in- 
jurious, because  the  result  is  cumulative.  The  people  noticed  a 
slight  increase  in  hardness  after  treatment,  less  than  36  parts  per 
million  but  they  have  made  no  complaint.  All  danger  of  lead  poison- 
ing seems  to  have  been  averted  forever.  This  method  is  used  in 
England  in  treating  certain  waters  that  are  acid,  and  the  treatment 
with  lime  simply  cures  the  acidity  of  the  water  due  to  carbonic  acid 
or  organic  acid. 

The  method  of  removal  of  iron  and  manganese  from  water  must 
be  predicated  upon  the  character  of  the  water.  Iron  and  manga- 
nese dissolved  in  water  will  nearly  always  precipitate  out  as  iron  or 
manganese  rust.  Practically  all  that  we  can  do  is  to  hurry  the  opera- 
tion. Where  the  water  is  hard,  as  it  is  in  some  of  the  western  states 
and  in  Germany,  simple  aeration  and  filtration  is  all  that  is  re- 
quired; in  these  cases  it  does  not  seem  to  make  much  difference 
whether  you  use  slow  filters  or  rapid  or  whether  you  use  tricklers  or 
not;  but  the  removal  of  small  amoimts  of  iron  from  soft  water  is 
more  difficult.  Small  amoimts  of  iron  in  conjuction  with  manganese, 
or  in  conjunction  with  coloring  matter,  require  more  time  than 
where  the  amounts  of  iron  and  manganese  are  large. 

The  most  difficult  water  that  the  speaker  has  had  to  treat  has 
been  in  his  own  house;  the  water  has  only  0.6  part  per  million  of 
iron  and  considerable  manganese,  but  a  great  deal  of  coloring  matter. 
Another  difficult  case  was  the  water  supply  at  Cohasset,  Mass., 
where  a  mechanical  filter  was  first  installed,  which  removed  the 
iron  perfectly  and  also  the  manganese  without  the  use  of  coagulants. 
Within  the  last  three  or  four  months  the  color  of  the  raw  water,  due 
to  a  near-lying  peat  bog,  has  increased  so  greatly  that  it  hds  been 
necessary  to  add  sulphate  of  aluminum  to  the  water  before  passing 
it  to  the  filter. 
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As  to  the  choice  of  filters,  the  speaker  believes  that  when  a  sand 
filter  operating  at  a  rate  of  10,000,000  gallons  per  acre  daily  will  do 
the  work  it  will  prove  cheaper  in  practice,  as  a  rule,  than  a  mechani- 
cal filter  at  a  rate  of  125,000,000  gallons.  Where  the  mechanical 
filter  rate  can  be  increased,  where  the  head  conditions  are  favorable, 
it  may  prove  cheaper,  and  where  the  iron  or  manganese  respond 
readily  to  treatment  there  is  no  reason  why  a  mechanical  filter  should 
not  be  used  where  economic  conditions  favor  it. 

Recently,  Dr.  Corson  prepared  a  paper  in  which  he  ascribes  a 
great  deal  of  the  removal  of  manganese  to  the  presence  of  a  catalytic 
agent,  that  is,  an  agent  which  carries  oxygen  or  effects  the  removal 
of  the  iron  by  catal}^.  In  Germany  they  have  made  similar  ex- 
periments; they  have,  for  instance,  used  shavings  impregnated  with 
tin  oxide  and  various  compounds  supposed  to  be  oxygen  carriers, 
and  passed  these  iron  waters  over  them,  with  good  results.  However, 
it  appears  that  other  German  jhvestigators  have  shown  that  the 
same  resiilts  can  be  obtained  with  sand  filled  filters.  It  has  been 
shown  that  the  film  of  iron  or  manganese  hydrate  on  the  surface  of 
the  sand  will  absorb  oxygen,  store  it,  and  give  it  oflF.  So  the  speaker 
is  not  yet  in  a  position  to  accept  the  theory  of  catalysis,  that  it  is 
the  carrying  of  the  oxygen  by  the  oxide  or  the  hydrated  oxygen 
precipitated  on  the  filter  material  which  does  the  work;  but  rather 
that  the  iron  and  manganese  which  are  readily  oxidized  are  held  in 
a  fine  collodial  suspended  condition  and  are  absorbed  by  the  film  on 
the  sand  and  held  there  imtil  coagulation  can  take  place,  after  which 
the  film  gradually  increases  in  bulk  until  it  sloughs  off  the  trickier 
and  is  precipitated  in  the  subsiding  basin,  or  is  removed  from  the 
siuiace  of  the  sand  filter. 

At  Middlesboro,  in  a  plant  somewhat  similar  in  design  to  the 
author's  but  very  much  smaller,  it  was  foimd  that  during  the  first 
year  the  manganese  was  reduced  from  about  0.56  to  0.16  part  per 
million,  but  during  the  second  year  it  was  completely  removed. 
The  iron  at  Middlesboro  has  been  reduced  to  an  average  of  about 
0.25  part  per  million. 

Dtuing  experiments  at  Brookline,  contrary  to  the  Lowell  experi- 
ence, it  was  found  that  the  more  contact  of  the  water  with  air  the 
better  were  the  results  that  could  be  obtained.  Again  the  speaker 
would  say  that  what  will  work  with  one  water  will  not  work  with 
another. 

At  Stargard,  in  Germany,  where  the  iron  and  manganese  are  re- 
moved quite  readily,  the  red  discoloration  or  precipitation  of  iron 
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is  observed  in  the  upper  few  inches  of  the  gravel  filter.  Below  that 
there  are  about  6  inches  of  clean  gravel  where  neither  iron  nor  man- 
ganese is  being  removed.  Below  the  clean  layer  is  a  black  layer 
where  the  manganese  has  accumulated,  and  below  that  clean  gravel 
again,  showing  that  the  manganese  oxidizes  much  more  slowly  than 
iron  and  requires  more  time,  more  contact,  more  help.  It  is  for 
this  purpose  that  subsiding  basins,  coagulants,  coke  tricklers,  etc., 
are  used  to  treat  soft  colored  manganiferous  waters  before  filtration. 

Joseph  Race:  The  speaker  could  corroborate  the  statements 
just  made  regarding  the  plumbo-solvency  of  the  waters  in  the  north 
of  England.  Almost  all  water  derived  from  the  uplands  situated 
near  the  Pennine  range  was  in  this  category  and  required  treatment 
of  some  kind  to  rectify  this  condition.  The  genertdly  accepted  hy- 
pothesis in  England  was  that  the  action  on  lead  was  due  to  the  pres- 
ence of  humic  and  other  organic  acids  and  it  had  been  found  that 
the  plumbo-solvency  could  be  rectified  by  the  addition  of  caustic 
lime  or  soda  or  carbonates  of  lime  or  soda.  The  experiments  made 
by  Heap  at  the  Manchester  University  appeared  to  iudicate  that 
oxygen  and  not  carbonic  acid  was  the  most  potent  factor  in  the  solu- 
tion of  lead,  but  as  these  results  were  obtained  with  waters  that  are 
very  different  from  that  treated  by  the  author  the  problems  are  not 
analogous. 

Edward  Bartow:  With  respect  to  iron  removal  in  Illinois,  two 
methods  are  employed.  One  is  used  at  Freeport,  where  lime  is  used 
to  remove  the  iron,  the  other  at  Champaign,  where  aeration  and  fil- 
tration with  mechanical  filtration  removed  about  2  parts  per  million, 
giving  very  satisfactory  results. 

Recently  the  Illinois  Water  Survey  was  asked  for  advice  concern- 
ing a  proposed  water  supply  for  Johnson  City  in  the  coal  mining 
district.  The  problem  was  to  remove  95  parts  per  million  of  iron 
from  water  having  4200  parts  residue.  Compare  that  with  the  2 
parts  per  million  of  iron  which  it  is  necessary  to  remove  at  Lowell 
from  a  water  having  a  residue  of  about  34  parts  per  million,  less  than 
0.01  per  cent  of  the  amount  in  the  Johnson  City  water  supply.  It 
was  proposed  to  remove  the  iron  by  aeration  and  mechanical  fil- 
tration. The  resultant  water  could  not  be  very  satisfactory  because 
the  treated  water  would  contain  about  3000  parts  per  million  of 
sodium  sulphate,  which  would  surely  have  a  bad  effect  on  those  not 
accustomed  to  its  use. 
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For  manganese  removal,  the  speaker  has  tried  experimentally  the 
zeolites  and  also  aeration  and  filtration.  The  zeolites  as  used  in 
Europe  will  remove  manganese;  but  manganese  dioxide  itself,  or 
manganese  dioxide  developed  on  the  sand  grains,  was  efficient. 
The  manganese  dioxide  was  developed  on  the  sand  either  artificially 
by  means  of  alkali  and  a  manganese  salt  or  by  very  slow  accretion 
after  the  filter  was  put  in  operation.  There  are  two  plants  in  the 
state  which  are  removing  manganese  by  means  of  mechanical  filters 
where  the  sand  grains  have  been  coated  with  the  manganese  dioxide. 

It  is  interesting  to  note  the  change  in  operating  at  a  plant  near 
Berlin,  Germany;  formerly  aeration  over  baffles  followed  by  slow 
sand  filtration  was  used,  but  in  a  new  plant  opened  in  1914  aeration 
by  spra3ring,  followed  by  a  mechanical  filtration,  is  used. 

Samuel  B.  Applebaum:  There  are  two  questions  the  speaker  de- 
sires to  ask  the  autiior:  First,  in  regard  to  the  effect  of  increasing  the 
amoimt  of  dissolved  oxygen  in  the  water  upon  aeration;  has  the 
author  made  any  experiments  as  to  the  effect  of  aerated  water  on 
iron  pipes  in  addition  to  his  experiments  on  lead  pipes,  in  order  to 
aiscertain  the  relative  corrosiveness?  He  observed  the  interesting 
fact  that  the  use  of  aeration  was  preferable  to  the  use  of  an  alkali 
to  eliminate  the  corrosive  effect  of  the  water  on  lead.  It  would 
have  been  interesting  if  he  had  also  tried  experiments  to  ascertain 
whether  the  same  effect,  or  the  contrary,  was  true  regarding  the 
corrosiveness  of  the  aerated  water  as  compared  with  lime-treated 
water  upon  iron  piping. 

The  second  question  is  whether  the  author  has  made  any  experi- 
ments with  the  use  of  zeoUtes  coated  with  higher  oxides  of  manga- 
nese for  the  removal  of  iron  and  manganese  in  the  Lowell  supply? 
Abroad  there  are  many  municipal  plants  making  use  of  these  con- 
tact zeoUtes  for  the  removal  of  iron  and  manganese  from  water. 
There  are  six  or  seven  plants  in  operation  today  in  Germany,  notably 
those  at  Dresden,  Glogau,  and  Wilhelmsburg,  which  are  removing  iron 
and  manganese  by  this  method.  There  is  also  one  plant  in  England 
near  Liverpool  that  is  using  these  contact  zeoUtes  for  the  removal 
of  iron  and  manganese  foUowed  by  a  sodium-zeolite  plant  for  the 
removal  of  hardness..  In  this  country  there  are  two  small  municipal 
installations  using  this  method,  one  at  Helmetta,  N.  J.,  and  the 
other  at  Weyanoke,  Va.,  where  the  treated  waters  are  free  from  iron 
and  manganese,  and  are  used  for  domestic  purposes. 
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ILLINOIS  SECTION 

The  Illinois  Section  held  a  meeting  at  Peoria  on  November  15, 
1917,  47  members  and  guests  being  present.  Visits  were  made  to 
wells  7  and  8  and  to  the  main  pumping  station  of  the  Peoria  water 
works  where  luncheon  was  served,  and  to  the  plants  of  the  Avery 
Manufacturing  Company,  the  Holt  Manufacturing  Company  and 
the  Keystone  Steel  &  Wire  Company.  Dinner  was  served  at  the 
Creve  Coeur  Club,  and  at  the  meeting  afterward  H.  B.  Morgan  de- 
scribed the  Peoria  water-works  and  read  a  paper  on  "The  Deep 
Water  Way,"  and  C.  B.  Burdick  read  a  paper  on  the  "Water  Works 
of  Camp  Grant." 

NEW  MEMBERS 

Active 

Jesse  H.  Wilson,  City  Engineer,  Idaho  Falls,  Idaho. 

Marion  A.  Jensen,  Chief  Engineer  and  Superintendent  of  Water 
Works,  Nebraska  City,  Nebraska. 

Federico  Klein,  Electrical  Engineer,  San  Salvador. 

Abel  Wolman,  Sanitary  Engineer,  Baltimore,  Maryland. 

Wm.  J.  Leach,  Superintendent  and  Chief  Engineer,  Fergus  Falls, 
Minnesota. 

J.  Mitchell  Heffelfinger,  Engineer,  Illinois  State  Water  Survey, 
Urbana,  Illinois. 

Frank  E.  Howard,  President  Water  Board,  Hartford,  Connecticut. 

Fred.  D.  Berry,  Secretary,  Water  Board,  Hartford,  Connecticut. 

C.  M.  Saville,  Manager  and  Chief  Engineer  Water  Board,  Hart- 
ford, Connecticut. 

Clarence  F.  Ames,  Superintendent  Water  Works,  Norwich,  New 
York. 

Charles  Rapelge  Wyckoff,  150  Nassau  Street,  New  York,  New 
York. 

Richard  W.  Sherman,  104  South  Lake  Avenue,  Albany,  New  York. 
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James  A.  Shepard,  Bisbee-Naco  Water  Company,  Bisbee,  Arizona. 

A.  D.  Leerskov,  Superintendent  Water  Works,  Brush,  Colorado. 

Vratislav  Adolph  Zehr,  Mechanical  Engineer,  Quincy,  Illinois. 

Warren  G.  West,  Superintendent  and  Secretary,  Water  Company, 
Leadville,  Colorado. 

Cornelius  M.  Daily,  Engineer  in  Charge  Supply  and  Purification 
Department,  St.  Louis. 

Dale  L.  Maffitt,  Chemist  and  Bacteriologist,  Des  Moines  Water 
Company,  Des  Moines,  Iowa. 

Corporai^ 

Manhasset-Lakewood  Water  District,  Manhasset,  New  York. 
Citizens  Light,  Heat  and  Power  Company,  Tracy,  Minnesota. 

OBITUARY 

D.  C.  Crandall,  Tupper  Lake,  New  York,  December  19,  1917. 
Albert  Blauvelt,  Chicago,  Illinois,  January,  1918. 
Howard  E.  Ahrens,  Reading,  Pennsylvania,  February  26, 1918. 
Harry  A.  Lord,  Ogdensburg,  New  York,  March  11,  1918. 

ROLL  OF  HONOR 

Following  are  additional  names  to  the  Roll  of  Honor  printed  in  the 

March  Journal: 

Atkinson,  Myron  H.  (son  T.  R.  Atkinson),  O.T.C.,  CampDevens, 
Massachusetts. 

Baker,  Frederick  W.  (son  M.  N.  Baker),  O.T.C.,  Camp  Upton, 
New  York. 

Claiborne,  Herbert  A.,  Lieutenant  Signal  Reserve  Corps,  Aviation 
Concentration  Camp,  Morrison,  Virginia. 

Faller,  C.  p.  (son  C.  Faller),  Lieutenant  Uth  Infantry,  Camp  For- 
rest, Georgia. 

Hymman,  Gordon  (son  H.  Hynmian),  Sergeant  Co.  A,  Royal  Cana- 
dian Infantry,  Military  Convalescent  Home,  Guelph,  Ontario. 

KiLPATRiCK,  John  Douglas,  Lieutenant  Colonel  Quartermaster 
Corps,  Constructing  Quartermaster,  Camp  Wadsworth,  Spar- 
tanburg, South  Carolina. 
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LoNGLEY,  Frederick  J.,  Lieutenant  Aviation  Section,  Signal  Corps, 

271st  Aero  Squad,  Ellington  Field,  Houston,  Texas. 
Mallalieu,  Willard  C,  Sanitary  Corps,  N.A.,  Camp  Greenleaf, 

Georgia. 
Letton,  H.  p.,  Captain  Engineers,  N.S.R. 
Mohler,  Bruce  M.,  Ist  Lieutenant  Sanitary  Corps,  N.A.,  Army 

Medical  School,  Washington,  D.  C. 
Randall,  W.  T.  (son  W.  H.  Randall),  Signaller  108th  Battalion 

(Canada),  B.E.F.,  France. 
Wilcox,  William  F.,  Jr.  (son  W.  F.  Wilcox),  Sergeant  106th  Supply 

Train,  Slst  Division. 
Wood,  Edward  R.,  Jr.,  Captain  18th  Field  Artillery  N.A. 
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THELCO  INCUBATORS 

fot  all  kinds  of 

Bacteriological 

work 

BEST  moderate  priced,  auto- 
matically controlled,  elec-' 
tricall  v  heated  incubators. 
Reoommended  for  the  require- 
ments of  pbysici^s  as  weLl  as 
for  regular  laboratory  work, 

Thelco  Bacteriological  Incu- 
bators are  built  of  well  seasoned 
heavy -oak,  finished  inside  and 
outside  with  white  paint  en- 
amel which  can  be  kept  clean 
by  wiping  with  a  moistened 
i^loth.  This  finish  imparts  to 
the  incubators  a  hands6ine  and 
clean  appearance.  An  inner 
door  of  glass  is  provided  to  al- 
low inspection  of  the  chamber- 
without  opening  the  door.  ^  No 
water  jacket  is  used  or  reqinred 

An  exclusive  feature  is  the 
removable  wire  VesistanOe  heat- 
ing plate.  This  method  of  heating  is  distinctly  superior  Uy  lamps  in  that  ii 
evenly  distributes  the  heat  throughout  the  chamber;  furthernoore,  it  wilt  not 
burn  out  to  cause  spoiling  of  cultures^  annoyance  and  inconveniencei  that 
is  BO  apt  to  happen  wnen  lamps  are  employed  as  a  heating  medium. 

The  Thelco  bi-metallic  Thermostat  employed  will  maintain  the  tempera- 
ture constant  to  within  a  degree  without  any  attention  after  adjustment  is 
once  made. 

The  Operation  is  very  simple.  To  ^lace  the  incubator  in  use,  it  is  only 
necessary  to  screw  the  attachment  plug  into  an  electric  light  soeket  and  tur^ 
on  the  current;  then  adjust  the  regulator  until  the  thermometer  reaches  the 
temperature  desired,  which  will  remain  constant  to  within  a  degree.  TTie  in- 
cubator can  be  operated  on  direct  or  alternating  current. 

When  ordering  pteo^e  state  voltage  oj  current 


Nor 

Dimensions  of  Chamber 

Equipment 

Price,  Net 

2 
4 
6 
6* 

7* 

InckM 
12x12x12 
18x18x26 
18x18x26 
28x36x18 
28x36x18 

Without  Stand 
Without  Stand 
With  Stand 
Without  Stand 
With  Stand 

138.50 

62.60 

76.50    . 
110.00 
128.00 

•Incubatora  Nob.  6  and  7  are  mado  with  djublo  divided  doors. 

EIMER  &  AMEND 

Third  Avenue,  18th  to  19th  Streets,  New  York 

Branch  Office:  2011  Jenkins  Arcade,  Pittsburgh,  Pa. 
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COMMENTS 

DISCUSSIONS 

When  the  Association  adopted  the  report  of  the  last  Publication 
Committee  it  thereby  approved  the  recommendation  in  that  report 
concerning  methods  of  making  the  Journal  more  helpful  and 
interesting  to  the  membera.  One  of  these  methods  is  to  have  the 
Journal  record  the  progress  of  important  work.  It  is  while  work 
is  in  progress  that  it  is  alive;  when  it  is  finished  it  may  be  interest- 
ing and  useful,  but  it  is  not  interesting  in  the  way  that  a  job  in  hand 
appeals  to  us.  Take  the  report  of  the  Committee  on  the  Mechan- 
ical Analysis  of  Sand  in  this  number,  for  instance;  it  is  a  progress 
report,  intended  solely  for  the  information  of  the  members  concern- 
ing the  work  of  this  committee  and  not  approved  in  all  respects  by 
the  members  of  the  committee.  But  it  gives  an  idea  of  one  feature 
of  the  work  the  committee  has  been  doing,  and  in  this  way  keeps  our 
members  posted  regarding  a  topic  that  was  the  subject  of  animated 
discussion  at  the  Cincinnati  convention. 

When  a  piece  of  work  has  advanced  beyond  the  stage  when  dis- 
cussion is  useful  it  is  so  far  along  toward  completion  that  a  good 
many  of  us  will  not  take,  the  time  to  read  about  it.  But  if  we  know 
that  those  investigating  a  subject  are  still  discussing  it  critically  our 
ever-persistent  curiosity  leads  us  to  follow  the  discussion,  if  we  are 
fortunate  enough  to  be  able  to  do  so.  The  things  that  are  discusjsed 
are  the  live  things.  The  place  where  they  should  be  publicly  dis- 
cussed is  in  oiu*  Journal.  This  thought  was  the  basis  of  the  recom- 
mendation made  by  the  last  Publication  Committee.    So  far  as  the 
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present  Publication  Committee  is  able  to  carry  out  the  reconmienda- 
tion  it  will  do  so,  but  the  members  of  the  Association  should  keep 
in  mind  that  these  "Conaments"  will  only  be  of  the  greatest  value 
when  they  all  contribute  to  them,  or  send  suggestions  which  the 
Publication  Conunittee  can  utilize  in  obtaining  information  of 
inmiediate  value  to  the  fraternity. 

Carleton  E.  Davis. 

SHIP    YARD    sanitation 

So  much  has  been  said  about  the  sanitary  work  done  by  the 
government  at  the  camps  and  cantonments  that  what  Mr.  Greeley 
says  in  this  number  about  sanitation  at  the  shipyards  is  a  timely 
tribute  to  a  group  of  men  which  has  been  doing  a  fine  piece  of  work 
without  receiving  any  recognition  for  it.  The  enormous  shipbuild- 
ing program  of  the  Emergency  Fleet  Corporation  called  for  the  con- 
struction of  new  villages  and  new  transportation  facilities  almost 
overnight.  The  need  for  ships  has  been  most  pressing.  The 
managers  of  these  yards  thought  of  ship  ways  and  shops  and 
tracks  and  storage;  they  had  no  time  to  think  of  sanitation,  except 
casually.  It  was  to  help  them  keep  their  mushroom  enterprises 
safe  in  a  sanitary  sense,  that  Colonel  Doane  was  engaged.  He  and 
his  men  have  been  out  on  the  job  most  of  the  time.  During  the 
five  months  I  was  employment  manager  of  the  Eniergency  Fleet 
Corporation  I  saw  him  only  once,  at  a  staff  dinner.  He  was  too 
busy  to  waste  any  time  in  an  office  chair.  But  he  has  kept  the  ship 
yards  in  good  sanitary  condition  in  spite  of  serious  difficulties,  and 
he  has  done  such  a  satisfactory  piece  of  work  that  nobody  was 
surprised  when  the  War  Department  told  him  recently  to  get  ready 
to  return  to  the  army. 

J.  M.  GOODELL. 
HOW  TO  OBTAIN  A  PRIORITY  ORDER  AT  WASHINGTON 

Municipalities  and  public  utility  companies  all  over  the  coimtry 
are  experiencing  such  difficulty  in  obtaining  materials  for  operation, 
maintenance  and  new  construction,  that  a  brief  statement  of  their 
obligations  to  the  nation,  as  viewed  by  the  administration  at  Wash- 
ington, is  desirable  at  the  present  time.  Cities  and  utility  com- 
panies must  remember  that  when  President  Wilson  told  us  to  "give 
until  it  hurt"  in  order  to  bring  the  war  to  the  earliest  possible  corn- 
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pletion,  his  appeal  was  to  communities  and  corporations  as  well  as 
to  individuals.  The  general  policies  which  are  rapidly  going  into 
effect  in  Washington  are  based  on  this  thought,  that  communities 
must  give  their  aid  by  deferring  to  a  later  day  all  unessential  work. 
The  diflSculty  is  to  determine  what  is  essential  and  what  unessential, 
but  the  War  Industries  Board  has  made  enough  rulings  to  throw 
light  on  its  position  in  regard  to  the  prosecution  of  various  classes 
of  work. 

I&  maintenance  and  repair  work,  necessary  for  the  upkeep  of 
plants  furnishing  essential  service  to  communities,  the  War  Indus- 
tries Board  grants  every  assistance  in  its  power.  It  cannot  accom- 
plish an  impossible  task,  however.  There  are  some  sections  of  the 
country  where  important  war  time  orders  call  for  every  barrel  of 
cement  that  can  be  furnished  by  mills  normally  supplying  that  dis- 
trict, and  the  United  States  Railroad  Administration  does  not  favor 
shipments  from  abnormal  sources  of  supply  for  a  district.  Every 
pound  of  steel  that  can  be  turned  out  of  our  furnaces  is  needed  for 
war-time  purposes,  just  now.  Not  long  ago  a  branch  of  the  War 
Department  was  so  hampered  by  lack  of  steel  that  it  sent  out  repre- 
sentatives to  comb  the  jobbers'  stocks  and  blacksmith  supply 
houses  in  a  large  section.  Pig  iron  is  needed  for  many  war  purposes 
the  civilian  knows  nothing  about.  In  some  sections  north  of  the 
Potomac  and  Ohio  and  east  of  Indiana,  the  railroad  congestion  is  so 
severe  that  important  branches  of  the  government  are  placing  no 
orders  there  for  the  present.  In  short  the  government  is  experi- 
encing great  difficulty  in  securing  materials  to  win  the  war,  and 
consequently  the  managers  of  wat^.r  works  must  not  expect  any- 
thing else. 

While  there  is  a  general  agreement  that  existing  public  utiUties 
should  be  maintained  in  an  efficient  condition,  there  is  very  little 
probability  that  new  construction  will  be  possible.  A  suburb 
which  has  gone  without  water  mains  or  sewers  until  now  can  prob- 
ably go  without  them  a  year  or  so  longer.  A  water  plant  which 
has  been  furnishing  unfiltered  water  for  some  years  probably  cannot 
make  an  effective  plea  before  the  Washington  authorities  that  an 
unsanitary  condition  exists  wlvch  demands  immediate  relief.  A 
water  department  in  a  city  where  the  growth  has  been  only  normal 
will  probably  experience  much  difficulty  in  securing  materials  for 
new  dams  or  pumping  stations,  for  the  federal  administration  is  not 
hesitating  to  put  the  country  on  short  rations  even  of  essentials  in 
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order  to  back  most  effectively  our  lads  on  the  battle  grounds  and 
high  seas.  Everybody  agrees  that  water  of  unquestionable  purity 
and  ample  quantity  is  most  desirable,  but  our  soldiers  and  sailors 
are  sometimes  going  without  it  and  we  can  learn,  as  they  do,  to  be 
careful  of  what  we  have. 

In  short,  then,  no  water  works  manager  should  attempt  to  obtain 
materials  which  are  not  absolutely  necessary  to  maintain  his  plant 
in  its  present  condition,  unless  the  new  extensions  are  absolutely 
necessary  for  war-time  industries.  Every  day  thousands  of  letters 
praying  for  relief  of  one  kind  or  another  reach  Washington,  and  the 
claim  made  for  the  relief  is  that  the  conmiunity  or  the  district  is 
engaged  in  war  work  very  largely.  Such  petitions  are  never  granted, 
for  generalities  are  not  accepted  as  evidence  in  Washington.  Every 
application  for  relief  must  be  accompanied  by  positive  proof  that  if 
the  application  is  not  granted  the  active  prosecution  of  the  war  will 
be  checked,  a  heavy  previous  investment  will  be  seriously  impaired, 
the  health  of  a  large  number  of  people  who  cannot  be  moved  else- 
where will  undoubtedly  be  placed  in  grave  danger,  or  a  large 
financial  loss  and  great  inconvenience  to  many  persons  will  arise 
from  stopping  construction  undertaken  before  the  beginning  of  the 
current  year. 

In  each  case  it  is  absolutely  necessary  to  explain  what  alternative 
remedies  have  been  considered  and  why  they  have  been  deemed 
inferior  to  that  requested.  The  statement  that  larger  mains  must 
be  laid  to  meet  the  needs  of  a  growing  population  in  any  section  of 
a  city  is  worthless  as  an  argument  at  Washington.  There  should  be 
a  map  of  the  section  of  the  city,  showing  the  location  and  size  of  the 
mains  serving  it,  records  of  the  water  pressure  at  different  points  if 
this  is  important,  a  statement  of  the  number  of  consimiers,  and  an 
explanation  of  what  the  water  department  is  doing  to  prevent  water 
waste.  In  short  there  must  be  just  as  complete  a  technical  and 
administrative  demonstration  of  the  soundness  of  the  appeal  as  a 
bank  demands  when  it  receives  an  application  for  a  loan.  This 
application  should  be  sent  to  the  Priorities  Division,  War  Indus- 
tries Board,  Washington.  Do  not  send  a  delegation  or  even  a  single 
representative  and  above  all  do  not  ask  a  member  of  Congress  to 
help,  for  he  cannot  do  anything  that  a  proper  application  by  mail 
will  not  accomplish  better  and  more  quickly.  Applications  for  relief 
should  be  made  out  on  forms  which  can  be  obtained  from  the 
Priorities  Division,  with  instructions  regarding  their  use. 
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What  has  been  said  above  is  merely  a  restatement  of  the  resolu- 
tions passed  by  the  War  Industries  Board  on  March  21,  1918,  and 
published  in  all  the  leading  newspapers  and  trade  journals  of  the 
country.  In  order  to  make  this  important  matter  perfectly  clear 
to  the  members,  the  resolutions  are  printed  here. 

Whereas,  it  has  come  to  the  notice  of  this  Board  that  new  industrial 
corporations  are  heing  organized  in  different  sections  of  the  United  States, 
for  the  erection  of  industrial  plants  which  cannot  he  utilized  in  the  prosecu- 
tion of  the  war,  and 

Whereas  plans  are  being  considered  by  certain  states,  counties,  cities  and 
towns  for  the  construction  of  public  buildings  and  other  improvements  which 
will  not  contribute  toward  wmning  the  war,  and 

Whereas  the  carrying  forward  of  these  activities  will  involve  the  utiliza- 
tion of  labor,  materials  and  capital  urgently  required  for  war  purposes;  now, 
therefore,  be  it 

Resolvedf  by  the  War  Industries  Board,  That  in  the  public  interest,  all  new 
undertakings  not  essential  to  and  not  contributing  either  directly  or  in- 
directly toward  winning  the  war,  which  involve  the  utilization  of  labor, 
material  and  capital  required  in  the  production,  supply  or  distribution  of 
direct  or  indirect  war  needs,  will  be  discouraged  notwithstanding  they  may  be 
of  local  importance  and  of  a  character  which  should  in  normal  times  meet 
with  every  encouragement;  and  be  it  further 

Resolvedf  That  in  fairness  to  those  interested  therein  notice  is  hereby  given 
that  this  Board  will  withhold  from  such  projects  priority  assistance,  with- 
out which  new  construction  of  the  character  mentioned  will  frequently  be 
found  impracticable,  and  that  this  notice  shall  be  given  wide  publicity,  that 
all  parties  interested  in  such  undertakings  may  be  fully  apprised  of  the  diffi-» 
culties  and  delays  to  which  they  will  be  subjected  and  embark  upon  them  at 
their  peril. 

The  Priority  Committee,  and  particularly  its  Chairman,  is  in^ 
debted  to  the  editor  of  the  Jouknal  for  securing  an  interview  with 
oflScials  of  the  War  Industries  Board  and  preparing  the  above  state- 
ment outlining  the  situation  concerning  priorities.  The  Committee 
endorses  this  statement  and  desires  to  make  it  its  own,  except  in  so 
far  as  the  labor  in  obtaining  it  is  concerned. 

Priority  Committee, 

By  C.  E.  Davis, 
Chairmcm. 
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THE  PRACTICABILITY  OF  ADOPTING  STANDARDS  OF 
QUALITY  FOR  WATER  SUPPLIES* 

By  Robert  B.  Morse  and  Abel  Wolman 

In  spite  of  the  fact  that  the  attempt  to  establish  a  so-called  stand- 
ard to  serve  as  a  basis  for  interpreting  or  classifying  the  quality  of 
potable  waters  has  met  with  but  little  success  in  the  past,  endeavors 
are  still  being  made  to  standardize  the  consideration  of  analytical 
results  so  as  to  eliminate  personal  judgment  as  a  feature  of  inter- 
pretation. The  difficulties  besetting  these  efforts,  such  as  the 
undetermined  significance  of  the  bacterial  test  made  by  various 
methods,  the  importance  of  varying  chemical  content  and  the  evi- 
dence of  sanitary  surroundings,  are  stiU  present  in  probably  a 
greater  degree  than  in  the  past,  on  account  of  the  development 
of  the  science  of  water  bio-chemistry  and  the  added  confusion 
created  by  the  ever  changing  methods,  media,  temperatures,  and 
differentiations. 

Before  establishing  a  measure  of  the  quality  of  a  potable  water,  it 
is  necessary  to  determine  by  what  units  such  measurements  are  to  be 
evaluated.  In  the  case  of  water  suppUes,  the  choice  of  appropriate 
units  becomes  difficult,  since  the  question  immediately  arises  as  to 
whether  the  bacterial  count,  the  B.  coli  test,  the  chemical  deter- 
minations, or  the  sanitary  inspection,  should  be  the  sole  criterion;  or 
if  a  combination  of  these  factors,  as  to  what  their  relative  impor- 
tance should  be  in  any  proposed  unit  of  measure.  Manifestly  a 
standard  in  its  simplest  terms  could  be  predicated  upon  any  single 
one  of  the  above-mentioned  imits,  if  we  assume  that  such  a  stand- 
ard would  fulfill  the  requirements  of  a  imiversal  measure  of  quality. 
Even  then  the  problem  still  remains  of  deciding  what  unit  of 
bacterial  content,  for  instance,  shall  be  chosen  as  the  basis  for 
comparison. 

*  Read  at  the  St.  Louis  Convention,  May  15,  1918.  Discussions  of  this 
paper  for  publication  in  a  later  number  of  the  Journal  may  be  sent  to  John 
M.  Goodell,  Cosmos  Club,  Washington. 
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A  unit  of  measure  must  be  founded  upon  the  existence  of  an 
absolute  imiformity  of  condition  and  of  material  which  can  be 
made  to  serve  as  the  immutable  basis  for  future  comparative  read- 
ings. The  unit  of  length,  for  example,  is  that  distance  between  the 
ends  of  a  bar  of  dejfinite  material,  in  a  definite  place,  measured  and 
corrected  for  predetermined  conditions  of  atmospheric  pressure  and 
temperature.  Such  a  unit  immediately  establishes  a  precise  stand- 
ard by  means  of  which  further  measurements  of  length  under  all 
conditions  may  be  carried  out.  The  search  for  a  "quality  standard" 
for  water  should  be  first  directed,  therefore,  towards  determining 
whether  there  are  available  any  definite  units  in  sanitary  science 
which  can  serve  as  the  basis  for  a  standard. 

If  the  water  analysts  have  agreed  upon  well-defined  methods  of 
water  analysis,  then  the  evaluation  of  a  standard  would  be  at  least 
possible,  if  not  valuable,  for  interpretation.  In  order  to  learn 
whether  any  degree  of  uniformity  existed  in  the  laboratory  examina- 
tion of  water  supplies,  a  questionnaire  was  submitted  to  33  state 
department  of  health  laboratories  in  the  United  States.  Thirty-two 
answers  were  received  and  sufficiently  detailed  information  was 
obtained  to  warrant  the  conclusions  later  to  be  discussed.  With 
these  data  at  hand,  the  practicability,  at  the  present  time,  of  formu- 
lating a  standard  of  quaUty  for  water,  in  the  Ught  of  present  day 
analytical  practice,  may  be  discussed  with  more  precision. 

Total  bacterial  count  The  total  number  of  bacteria  in  a  stated 
quantity  of  water  has  been  used  frequently  in  establishing  a  maxi- 
mum allowable  pollution  in  potable  waters.  One  of  the  more 
recent  of  these  is  the  requirement  of  the  United  States  Treasury 
Department  that  water  supplied  to  common  carriers  should  contain 
no  more  than  100  bacteria  per  cubic  centimeter  (37° — 24  hours — 
agar).  The  creation  of  such  standards  presupposes  a  unanimity  of 
opinion  as  to  the  significance  and  importance  of  particular  bacterial 
counts  obtained  by  definite  procedures,  over  others  found  by  any 
other  methods.  Such  an  agreement  would  be  reflected,  of  course,  in 
the  routine  procedures  of  laboratories.  The  data  in  table  1  disclose, 
however,  a  disconcertingly  wide  difference,  rather  than  agreement, 
of  attitude  toward  the  various  methods.  If  ofl&cial  water  analysts 
differ  in  their  choice  of  the  method  of  making  total  counts,  it  is 
reasonable  to  conclude  that  their  disagreement  would  be  even 
greater  in  a  choice  of  a  "standard"  total  count.  Since  the  relative 
significance,  for  instance,  of  the  total  number  of  bacteria  on  a  plain 
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TABLE  1 


Method  of  obtaining  total  bacterial  count  in  laboratories  of  various  etaie 
departments  of  health 


NAMB  OF  8TATB 


20*C. 


Gelatine 


Agar 


48 
hrs. 


California 

Connecticut 

District  of  Columbia 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas. 

Kentucky 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missouri 

Montana 

New  Jersey 

New  York 

North  Carolina 

Ohio 

Oklahoma 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Vermont 

Virginia 

West  Virginia 

Wisconsin 

Wyoming 


96 
bra. 


H-(a) 


+  (c) 


48 

hiM. 


96 
hr  . 


Gela- 
tine 


48  hn 


zrc. 


Agar 


24 

hn. 


+ 


+ 
+  (b) 

+ 


48 
hn. 


Lit.    Laot. 
Aiar 


24  hn. 


+ 


48 

hn. 


Note:  Data  in  above  table  obtained  by  letter  in  1917  from  oflScials  ol 
various  state  departments  of  health, 
(a)— 25^C. 
(b) — Infrequent, 
(c)— 15**  to  20**C. 
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agar  plate  at  37°C.,  as  compared  with  the  count  on  a  gelatine  plate 
at  20**C.,  is  still  a  moot  question,  it  is  clear  that  more  confusion  in 
interpretation  will  result  when  several  additional  different  combi- 
nations of  media,  temperatures,  and  periods  of  incubation  are  to  be 
considered. 

It  is  also  of  striking  interest  to  note  that,  in  spite  of  the  fact  that 
the  37°C.  agar  count  at  twenty-four  hours  incubation  has  been  for 
several  years  an  official  standard  procedure  of  at  least  two  organiza- 
tions (American  Public  Health  Association  and  United  States 
Treasury  Department),  only  19,  or  approximately  60  per  cent,  of 
the  laboratories  in  question  have  seen  fit  to  use  this  exact  procedure 
as  a  routine  measure.  The  percentage  is  undoubtedly  higher  than 
that  which  would  represent  the  individual  opinions  of  the  analysts 
in  these  laboratories,  in  view  of  the  fact  that  some  of  them  have 
adopted  the  aforementioned  methods  on  account  of  their  official 
stamp  rather  than  as  a  result  of  the  conviction  that  they  are  superior 
to  others.  This  conclusion  is  borne  out  by  the  fact  that  it  has  been 
by  no  means  firmly  established  that  the  bacterial  count,  obtained  as 
outlined  by  the  Federal  requirements,  serves  as  the  best  index  to  the 
quality  of  a  drinking  water.  In  the  light  of  the  data  illustrating 
the  wide  discrepancy  in  the  method  of  obtaining  the  bacterial  count, 
it  would  appear  that  effort  should  be  directed  towards  further  study 
of  individual  types  of  bacteria  and  their  relative  significance  rather 
than  towards  an  attempt  to  predicate  a  standard  upon  such  an 
elusive  and  variable  factor  as  the  general  bacterial  count. 

B,  coll.  An  index  to  sewage  pollution  in  potable  waters  is  an 
excellent  asset  in  determining  the  safety  of  a  supply  if  it  "indicates." 
Some  years  ago,  perhaps,  the  presence  of  B.  coli  in  small  quantities 
of  water  was  considered  sufficient  evidence  upon  which  to  condemn 
the  supply.  He  certainly  would  be  venturesome  who  would  issue  a 
manifesto  today  as  to  the  allowable  frequency  of  B.  coli  in  a  safe 
water.  He  would  indeed  be  skillful  who  can  gather  sufficiently  con- 
sistent data  out  of  the  present  chaotic  conception  of  the  significance 
of  B.  coli,  and  of  how  to  obtain  it,  to  be  able  to  establish  even  a 
fairly  elastic  measure  of  quality. 

Table  2  illustrates,  for  instance,  that  the  use  of  a  medium  for  test- 
ing even  the  elementary  phenomenon  of  gas  formation  is  still  open 
to  question,  while  the  significance  of  gas  formation  itself  is  disputed 
by  authorities.  Considerable  evidence  has  supported  previously 
the  use  of  lactose  bile,  but  the  wind  has  apparently  shifted  in  recent 
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TABLE  2 

Method  of  making  presumptive  tests  for  B.  coli  in  laboratories  of  various  state 

departments  of  health 


KAMB  or  8TATB 


California 

Connecticut 

District  of  Columbia 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missouri 

Montana 

New  Hampshire 

New  Jersey 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Vermont 

Virginia 

W.  Virginia 


MBDIUM   U8BD 

PBRIOD  OF  DfCITBATION 

Lactose 
broth 

LactOM 
bUe 

48  hour* 

73  hours 

+ 

+ 

H- 

H- 

+ 

H- 

+ 

+ 

+ 

+ 

+ 

H- 

+ 

-h 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-h 

+ 

+ 

+ 

+ 

+ 

-h 

+ 

+ 

+ 

+ 

+ 

-h 

H-(c) 

+ 

+  (a) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

H- 

H- 

+ 

+ 

+ 

(b) 

+ 

+ 

+ 

+ 

+ 

Note:  See  note  in  table  1. 

(a)  Infrequent. 

(b)  Lactose  neutral  red. 

(c)  Thirty-six  hours. 

years  and  the  balance  now  rests  upon  the  importance  of  lactose 
broth  as  a  better  medium  for  an  initial  B.  coli  test.  Each  day  brings 
forth  another  experimental  factor  to  make  the  confusion  greater  as 
to  the  significance  of  lactose  fracture. 
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The  data  given  in  table  2  show  a  close  agreement  in  the  labora" 
tones  as  to  the  necessary  period  of  incubation  in  the  B.  coli  pre- 
sumptive test.  In  the  face  of  the  almost  universal  choice  of  a 
forty-eight  hour  period,  it  is  found  in  the  Maryland  State  Depart- 
ment of  Health  laboratory  that  about  25  per  cent  of  all  typical 
B.  coli  isolations  are  obtained  from  those  tubes  which  show  gas 
only  after  seventy-two  hours  incubation.  It  is  somewhat  doubtful, 
with  the  evidence  shown  in  table  3,  whether  even  the  apparently 
settled  question  of  period  of  incubation  is  not  still  debatable. 

TABLE  3 

The  effect  of  an  increased  period  of  incubation  in  the  presumptive  test  upon  the 

possible  number  of  confirmatory  tests 

Total  number  of  tubes  incubated  and  giving  gas  =  495 


OA8  FOB- 
MATION 
AT  END 

NUUBBR  TUBES 
SHOWING  GAS 

PER  CENT  TUBES 
SHOWING  GAS 

NUMBER  CONFIRMED 

PER  CENT 
OF  TOTAL 
TUBES 
CON- 
FIRMED 

PER  CENT 
OF  TOTAL 
SAMPLES 

OF 

Total 

Additional 

Total 

Additional 

Total 

Additional 

CON- 
FIRMED 

24 

18 

18 

3.6 

3.6 

17 

17 

6.2 

3.4 

48 

263 

245 

53.1 

49.5 

197 

180 

66.0 

36.0 

72 

448 

185 

90.5 

37.4 

264 

67 

24.6 

13.4 

96 

495 

47 

100.0 

9.5 

273 

9 

3.3 

1.8 

Note:  Data  obtained  from  routine  analytical  determinations  in  labora- 
tory of  Maryland  State  Department  of  Health  during  a  period  in  1917.  Pre- 
sumptive tests  in  lactose  broth.  Confirmatory  tests  consisted  of  Endo,  sec- 
ondary lactose  broth,  and  agar  slant. 

The  significance  of  the  presumptive  test  has  been  complicated 
recently  still  further  by  the  work  of  Hasseltine^  who  has  pointed  out 
the  importance  of  such  details  as  the  sterihzation  of  media,  owing 
to  the  possible  breaking  down  of  the  sugars  in  autoclave  sterilization 
into  monosaccharides,  with  consequent  gas  production  by  t3rpes 
other  than  B.  coli.  It  is  clear,  therefore,  that  the  various  features 
of  choice  of  media,  period  of  incubation,  sterihzation,  and  of  reac- 
tion must  be  considered  of  far  more  importance  in  any  future  stand- 
ardization than  has  been  the  case  in  the  past. 

K  we  subscribe,  in  addition,  to  the  assumption  that  gas  formation 
is  not  a  true  index  of  the  presence  of  B.  coU,  then  a  unified  interpre- 
tation of  quaUty  approaches  still  more  closely  the  mythical  pot  of 

»  Hasseltine,  U.  S.  Public  Health  Service  Reports,  Vol.  32,  No.  45,  Novem- 
ber 9.  1917. 
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gold  at  the  end  of  the  "standard"  rainbow.  In  fact,  when  sub- 
jected to  the  various  discriminatory  tests  now  availably  to  the 
analyst,  the  much  maligned  bacillus  coli  seems  to  emulate  the  his- 
toric chameleon  in  all  its  possible  forms.  Table  4  indicates  only 
slightly  the  variations  in  methods  of  confirming  the  presence  of  the 
B.  coli  in  use  in  various  state  laboratories.  This  ubiquitous  bac- 
terium now  poses  either  as  the  "survival  of  the  fittest,"  after  run- 
ning the  gamut  of  several  sugar  fermentations,  gelatine,  indol, 
nitrate,  milk,  and  hydrogen-ion  concentration  determinations,  at 
the  hands  of  the  city  health  conunissioner,  anxious  to  divert  criticism 
from  a  water  supply  by  seizing  upon  the  "fecal  type"  of  B.  coli  as 
his  measure  of  quality;  or  else  it  assumes  the  shape  of  the  simple 
initial  lactose  fractor  serving  as  the  proud  exhibit  of  the  fortunate 
filtration  plant  operator  blessed  with  the  excellent  results  of  operation. 

What  shall  the  standard  test  for  B.  coli  include,  if  a  mere  dif- 
ference in  the  proportions  of  fuchsin  and  of  sulphite  in  two  Endo 
media,  results*  in  the  one  showing  typical  colonies  in  75  per  cent  of 
the  tubes  in  which  the  B.  coli  is  present,  while  the  other  shows  the 
same  colonies  in  only  14  per  cent?  Shall  the  lactose  broth,  to  be 
used  in  the  presumptive  test,  contain  0.5  or  1.0  per  cent  lactose,* 
if  the  latter  is  detrimental  to  the  successful  isolation  of  B.  coli? 
Certainly,  we  dodge  the  issue  somewhat  if  our  standard  vaguely 
demands,  for  example,  that  the  "colon  bacillus  should  be  absent  in 
100  cc."  Why  the  colon  bacillus?  How  shall  we  know  it?  How 
often  can  it  occur  in  100  cc.  without  condemning  the  supply?  These 
arc  questions  which  "standards"  skillfully  avoid  answering. 

In  1907,  Phelps'  discussed  a  method  of  estimating  the  numbers 
of  B.  coli  from  fermentation  tube  results.  His  system  of  numerical 
interpretation  has  served,  until  recently,  as  the  basis  of  practically 
all  quantitative  estimates  of  B.  coli  in  various  waters.  A  miscon- 
ception of  the  method  proposed  at  that  time  has  been  responsible 
in  a  degree  for  the  eternal  cry  for  standardization.  The  realization 
of  the  fact^  that  "the  method  is  obviously  of  no  value  for  single 
tests  and  finds  its  most  useful  application  in  routine  studies  in  water 
purification  and  sewage  treatment  extending  over  long  periods  of 
time"  would  tend  to  emphasize  the  utility,  but  imcertainty,  of 

*  Levine,  Notes  on  the  Presumptive  Test  for  B.  coli.  Engineering  Exp. 
Sta.,  Ames,  Iowa,  1917. 

*  Phelps,  Method  for  Calculating  Numbers  of  B.  coli.  Jour.  A.  P.  H.  A,y 
September  .30.  1907. 


Digitized  by  VjOOQIC 


STANDARDS  OP  QUALITY  FOR  WATER  SUPPLIES  207 

fermentation  tube  results  as  usually  obtained^  as  a  basis  for  numeri- 
cal interpretation.  Granting  the  value  of  establishing  a  maximum 
allowable  pollution  of  "x''  B.  coli  per  100  cc,  we  are  confronted  still 
with  the  difficulty  of  estimating  such  numbers  from  the  data  afforded 
by  our  present  bacteriological  methods. 

Greenwood  and  Yule*  have  indicated  this  difficulty  in  a  remark- 
ably clear  manner,  in  the  following  passage: 

The  fact  that  a  given  volume  of  water  tested  contains  no  bacilli  or  none 
which  will  grow,  does  not  prove  that  the  source  of  supply  is  sterile,  the  point 
is  merely  that  the  greater  the  volume  tested  with  negative  results  the  smaller 
is  likely  to  be  the  population  of  organisms  existing  in  the  supply;  none  of  the 
writers  has  attempted  to  provide  a  scale  of  bacterial  densities  corresponding 
to  the  increase  of  the  minim\mi  quantity  of  water  found  sterile  on  examina- 
tion (not  strictly  true*).  We  think,  indeed,  that  the  tenor  of  the  passages 
cited  (referring  to  various  standards*)  creates  a  presumption  that  the  au- 
thors' criterion  really  is  that  sources  shown  by  other  methods  or  found  from 
practical  experience  to  be  safe  or  to  be  unsafe  have  iLsually  been  found  to  give 
sterile  readings  when  samples  of  the  assigned  size  have  been  tested.  This 
would  explain,  for  instance,  the  lower  standard  adopted  in  the  case  of  moor- 
land waters.  This  is  undoubtedly  a  reasonable  attitude  of  mind  enough,  but 
it  is  necessary  to  remark  that  the  process  is  not  wholly  satisfactory,  since  two 
observers  both  testing  the  same  source  on,  say,  the  basis  of  a  sample  of  100 
cc.  might  obtain  the  one  a  positive,  the  other  a  negative  result,  so  that  one 
would  reject,  and  the  other  pass  the  supply.  Further,  no  criterion  is  pro- 
vided of  the  increase  in  accuracy  of  prediction  attained  when  two,  three  or 
more  samples  of  100  cc.  all  give  sterile  readings. 

♦  Notations  by  Morse  and  Wolman. 

If  the  so-called  B.  coli  index  is  to  serve  as  the  measure  of  the 
quality  of  a  water  supply,  assuming  that  the  technique  of  B.  coli 
determinfcttion  has  been  satisfactorily  settled,  the  necessity  still 
remains  of  determining  the  method  of  obtaining  the  index.  The 
number  of  methods  now  available  for  determining  the  B.  coli 
index  introduces  at  once  further  complications.  Shall  a  proposed 
standard  embody  the  procedures  of  Phelps,'  Greenwood,  and  Yule,* 
McCrady,*  Stein*  or  Wells?^    The  method  of  Phelps  enjoys  con- 

*  Greenwood  and  Yule,  On  the  Statistical  Interpretation  of  Some  Bac- 
teriological Methods  Employed  in  Water  Analysis.  Jour,  of  Hygiene^  July, 
1917. 

•  McCrady,  The  Numerical  Interpretation  of  Fermentation  Tube  Results. 
Jour,  of  Infectious  Diseases^  July,  1915,  Vol.  17,  No.  1. 

•  Stein,  Making  the  B.  Coli  Test  Tell  More.    Eng.  News.  Rec.,  May  24,  1917. 
»  Wells,  The  Geometrical  Mean  as  B.  Coli  Index.    Science,  January,  1917. 
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siderable  popularity  because  of  ease  of  application.  Unfortunately 
agreement  as  to  method  has  not  always  resulted  in  accuracy  of 
application.  In  spite  of  the  limitations  discussed  by  Phelps,  B. 
coli  indices  are  calculated  indiscriminately  with  few  or  many  analyti- 
cal results  at  hand.  The  fact  that  there  may  be  three  or  three 
hundred  results  has  generally  no  effect  upon  the  use  of  the  B.  coli 
index  in  the  hands  of  sanitary  engineer,  bacteriologist,  or  filtration 
plant  operator.  Twenty  per  cent  positive  in  1  cc.  is  used  with  the 
same  significance  whether  as  a  result  of  five  or  five  himdred  samples. 
The  further  injunction  that  both  positive  and  negative  results  should 
be  obtained  on  limiting  dilutions  of  water  is  treated,  in  a  number 
of  cases,  with  the  same  disregard  for  accuracy.  One  of  the  well- 
known  filtration  plants  reports,  for  instance,  a  B.  coli  index  of 
0.7066  (number  per  cubic  centimeter),  from  the  following  results: 
100  per  cent  positive  in  10  cc.  and  67.4  per  cent  positive  in  1  cc. 
No  tests  were  made  on  0.1  cc.  samples,  the  note  blithely  stating 
that  such  tests  were  assumed  to  be  zero.  That  such  an  abuse  of 
the  Phelps*  method  is  not  a  rare  occurrence  is  evidenced  by  the 
frequent  repetition  of  such  findings  as  the  above.  Standardization 
of  quality  would  hardly  obviate  such  statistical  juggling  as  produced 
by  another  of  the  largest  filtration  plants  in  the  United  States, 
which  reports  a  B.  coli  content  of  the  filter  effluent  of  0.44  per  cubic 
centimeter,  based  upon  77  per  cent  and  40  per  cent  positives  in  10 
and  1  cc.  dilutions  respectively.  Here  again  the  0.1  cc.  samples  are 
naively  placed  in  the  negative  column  on  the  basis  of  a  total  of 
13  tests,  as  against  314  in  both  10  and  1  cc.  dilutions.  Aside  from 
justifying  the  theoretical  basis  of  the  Phelps  method,  the  further 
establishment  of  allowable  numbers  of  B.  coli  in  a  water  supply 
would  demand  far  more  restrictions  upon  its  use  and  evaluation 
than  are  observed  apparently  by  a  number  of  water  supply  workers 
at  the  present  writing. 

Variations  in  the  numerical  interpretation  of  fermentation  tube 
results  have  engaged  recently  the  attention  of  analysts,  with  result- 
ing surprising  discrepancies  in  data  obtained  by  different  methods. 
These  findings  illustrate  only  too  well  the  weakness  of  establishing 
standards  upon  such  meager  bases,  as,  for  instance,  the  "absence  of 
B.  coU  in  100  cc."  Observation  that  50  per  cent  of  0.1  cc.  samples 
have  given  a  positive  test  may  be  interpreted  as  indicating  a  source 
of  supply  containing  a  B.  coli  content  differing  by  over  100  per  cent, 
depending  upon  the  method  of  quantitative  determination  employed. 


Digitized  by  VjOOQIC 


STANDABDS  OF  QUAUTY   FOR  WATER  SUPPLIES 


209 


Both  McCrady  and  Stein  would  assign  to  the  above  result  a  bacterial 
content  of  700  per  100  cc,  Greenwood  and  Yule  a  value  of  690, 
and  Phelps  a  value  of  500,  while  Wells  would  assume  the  probable 
existence  of  only  317.  Even  a  result  of  +100,  +10,  —1,  and  —0.1 
assumes  a  dual  r61e  depending  upon  the  judgment  of  the  inter- 

TABLE6 

Influence  of  method  of  obtaining  the  number  of  B.  coli  from  fermentation  tube 
results  upon  the  apparent  quality  of  a  water 


rBRMlNTATIOM  TUB!  BMULT8 

NUMBBB  OP  B.  COLI  PBB  100  CXTBIC 

POUTITB  TB8T  IN  CUBIC  CBNTIIIBTBBS 

CBIfTXMBTBBS 

10 

1.0 

0.1 

Phelps  method 

McCrady  method 

16/16 

14/16 

88.8 

200 

15/15 

14/15 

94.0 

270 

16/16 

11/16 

71.9 

115 

15/15 

12/15 

82  0 

160 

13/15 

5/15 

38.6 

24 

4/4 

3/4 

77.5 

138 

4/4 

2/4 

55  0 

69 

4/4 

4/4 

0/4 

100. 0 

231 

4/4 

1/4 

0/4 

32.5 

35 

4/4 

1/4 

0/4 

32.5 

35 

4/16 

0/16 

2.5 

3 

11/15 

2/15 

19.3 

13 

12/16 

1/16 

13  1 

12 

13/15 

4/15 

32.9 

22 

15/15 

14/15 

94.0 

270 

Average  numl 

ber  i>er  100  cc. . 

55.6 

106 

Note.  Above  fermentation  tube  results  taken  from  operating  records 
(1917)  of  a  filtration  plant  in  Maryland.  The  results  were  obtained  on  the 
filter  effluent  before  disinfection. 

preter,  for  the  adherent  to  the  "reciprocal  of  highest  positive  dilu- 
tion'' method  would  find  a  B.  coli  content  of  10  per  100  cc,  while 
advocates  of  several  of  the  later  procedures  would  support  the 
probable  existence  of  23  per  100  cc.  A  mere  difference  of  over  100 
per  cent!  Table  5  is  of  interest  in  illustrating  the  varying  possibili- 
ties of  interpretation  of  the  quality  of  a  filter  effluent,  with  no  vari- 
ation whatever  in  the  fermentation  tube  results  obtained  under 
actual  operating  conditions. 
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Past  standards  for  B.  coli  content  have  shown  a  surprisingly 
patent  disregard  of  the  importance  of  stipulating  the  necessary 
frequency  of  sampling  of  a  source  before  its  quality  may  be  safely 
postulated.    In  fact  no  standard  comes  to  mind  at  the  present  time  in 

TABLE  6 

Number  of  samples  necessary  to  establish  a  B.  coli  content  io  within  the  probable 
errors  of  5  and  10  per  cent 
(From  Stein,  Engineering  News  Record^  May  24,  1917) 


PBR  CBNT  OF  POeiTIVB  TKSTS 

NUUBSR  OF  8AUPLB8  TO  BBTABUBH  B.  COU  PBR  CUBIC  CBKTI- 
UBTBR  TO  PROBABLB  BRROR  OF 

IN  ▲  8SIUB8 

>k  10  per  cent 

ifc  5  per  cent 

5 

1900 

7600 

10 

900 

3600 

15 

760 

3040 

20 

627 

2508 

25 

485 

1940 

30 

365 

1460 

35 

320 

1280 

30 

282 

968 

45 

235 

940 

50 

204 

816 

55 

190 

760 

60 

171 

684 

65 

165 

660 

70 

162 

648 

75 

155 

620 

80 

156 

624 

85 

160 

640 

90 

178 

712 

95 

210 

840 

which  the  number  of  samples  is  apparently  considered  of  sufficient 
importance  to  warrant  even  a  cursory  establishment  of  a  necessary 
minimum.  In  certifying  a  pubUc  water  supply  to  common  carriers 
how  many  state  departments  of  health  insist  upon  a  large  series  of 
samples  before  passing  judgment  upon  the  analytical  findings? 
Some  of  these  collect  samples  two  or  three  or  four  times  a  year  and 
then  certify  or  do  not  certify  on  the  bacterial  content  of  some  500 
cc.  of  water  out  of  a  total  consumption  of  millions  of  gallons  per 
year.  It  is  useless  to  justify  such  procedure  upon  the  score  that 
neither  time  nor  finances  are  available  to  health  officials  to  follow 
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adequately,  by  frequent  sampling,  the  condition  of  the  supply. 
Infrequency  of  sampling,  with  consequent  inaccuracy  of  interpreta- 
tion, is  not  always  recognized  by  sanitarians  as  dangerous.  It  is 
for  this  blindness  to  the  invaUdity  of  findings  based  on  essentially 
variable  phenomena  and  methods  that  "standards"  are  in  a  measure 
directly  responsible. 

Stein*  has  pointed  out  within  the  last  year  the  extreme  impor- 
tance of  an  adequate  number  of  tests  before  any  relatively  precise 
conclusions  may  be  projected.  Table  6  contains  a  portion  of  the 
data  developed  by  Stein  to  show  the  number  of  samples  necessary 
to  establish  varying  B.  coli  contents  to  within  a  5  or  10  per  cent  prob- 
able error.  In  the  Treasury  Department  standard  an  allowable 
maximum  pollution  equivalent  to  20  per  cent  of  all  tests  positive  in 
10  cc.  is  fixed.  Twenty  per  cent  was  chosen,  it  may  be  inferred,  in 
the  beUef  that  such  a  series  of  results  would  be  comparable  with  a 
density  of  2  B.  coh  per  100  cc.  in  the  water.  It  is  highly  disconcert- 
ing to  learn  that,  in  order  to  obtain  even  a  fair  degree  of  precision 
and  an  approximate  approach  to  the  above  number  of  B.  coli,  some- 
thing like  600  samples  are  necessary.  How  meager,  then,  is  the 
anal3rtical  information  afforded  by  even  10  samples  a  year  and  how 
ludicrous  is  the  certification  of  a  doubtful  supply  upon  the  basis  of 
only  two  examinations  a  year. 

One's  sense  of  scientific  precision,  and  even  of  scientific  attitude, 
suffers  a  jar  when  attempting  to  correlate  the  quality  of  a  water  with 
the  data  furnished  in  a  number  of  other  types  of  investigations.  The 
pollution  of  streams,  for  instance,  is  studied  by  some  governmental 
agency.  Extensive  reports  are  written,  conclusions  are  drawn,  cor- 
relations between  the  B.  coli  content  of  the  stream  and  other  sanitary 
features  are  made,  and  recommendations  ensue.  But  even  some  of 
these  apparently  excellent  researches  become  of  little  value  or  even 
misleading  when  the  data  upon  which  they  rest  have  been  scrutinized. 

Is  a  pseudo-scientific  correlation  between  B.  coli  content  and  dis- 
solved oxygen  in  a  stream  of  any  importance  when  the  number  of  B. 
coli  in  the  stream  at  different  stations,  is  obtained  from  one,  two,  or 
three  fermentation  tests?  Yet  table  7  is  a  partial  list  of  the  data 
culled  from  a  recent  federal  report  which  will  illustrate  the  derivation 
of  unwarranted  conclusions  concerning  the  bacterial  content  of  a 
stream,  based  upon  a  small  number  of  analytical  results.  We  must 
certainly  question  a  B.  coli  content  of  0.47  per  cubic  centimeter,  when 
this  quantitative  index  to  the  sanitary  condition  of  the  stream  has 
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been  obtained  from  only  three  samples.  In  a  number  of  instances^ 
too,  the  dilutions  were  not  carried  out  far  enough  to  give  a  negative 
fermentation  test.  The  table  loses  further  scientific  interest  when  in 
another  colunm  the  total  count  on  agar  at  37**C.  is  given,  for  a  particu- 
lar station,  an  average  value  of  90,  a  maximum  of  90,  and  a  minimum 
of  90,  all  derived  from  a  single  sample.  It  is  extremely  doubtful 
whether  even  a  standard  of  Utopian  character  would  suflSce  to  elimi- 

TABLE  7 

Frequency  of  sampling  and  the  bacterial  content  of  a  stream  at  various  stations 
(From  a  recent  federal  report) 


UBAN  NUMBBB 

TOTAL  COUNT  ON  AGAB  AT  37*  C. 

NUMB IB  OF 
BAlfPLBB 

or  B.COLIPBB 

CUBIC 

CBNTIIIBTBB 

WftRMAU  STATION 

Average 

Hich 

Low 

1 

3 

10.0 

490 

1160 

40 

2 

3 

46.8 

630 

1030 

50 

3 

2 

10.0 

112 

130 

94 

4 

3 

4.7 

163 

330 

26 

5 

3 

4.7 

192 

390 

80 

6 

5 

2.5 

51 

80 

22 

7 

1 

10.0 

90 

90 

90 

8 

3 

2-1 

53 

72 

18 

9 

3 

1.0 

65 

116 

12 

10 

3 

0.47 

64 

90 

25 

11 

3 

1.0 

175 

449 

36 

12 

3 

1.0 

205 

540 

36 

13 

3 

0.2 

270 

540 

0 

nate  such  data  as  the  above.  Further  study  of  the  significance  of 
data,  rather  than  their  standardization,  would  be  desirable.  Such 
procedures  would  result,  perhaps,  in  the  aboUtion  of  haphazard 
stream  study  with  bacteriological  samples  aggregating,  at  the  most^ 
five  per  station.  It  should  be  pointed  out,  too,  that  the  above  criti- 
cism is  directed  not  so  much  at  the  failure  to  maintain  frequent  sam- 
pling, but  rather  at  the  intensive  use  of  such  data  for  study  and  for 
recommendation. 

The  method  of  making  the  B.  coli  examination  of  a  single  sample 
of  water  is  capable  of  wide  manipulation.  The  procedure  in  some 
laboratories  usually  consists  in  the  inoculation  of  a  series  of  fermenta- 
tion tubes  of  different  dilutions.  The  dilutions  as  a  rule  are  in  the 
usual  geometric  progression  of  10,  1,  0.1,  etc.,  cc.    There  does  not 
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appear,  however,  to  be  any  well-defined  agreement  among  authorities 
as  to  the  necessary  number  of  fermentation  tubes  to  be  used  at  each 
dilution.  The  importance  of  using  more  than  one  tube  at  each  dilu- 
tion becomes  manifest  when  it  is  borne  in  mind  that  Greenwood  and 
Yule*  have  shown  "that,  if  'n'  cc.  have  given  a  negative  result,  the 
chance  of  a  second  sample  of  *n'  cc.  giving  also  a  negative  would  be 
n/2n  or  1/2."  In  other  words,  the  chance  of  an  inconsistency  occur- 
ring when  two  tubes  of  the  same  dilution  are  used  is  no  less  than  1  /2. 
It  is  clear,  therefore,  that  too  much  emphasis  cannot  be  placed  upon 
the  necessity  of  more  than  one  tube  at  each  dilution.  It  is  of  interest 
to  note  in  this  connection  that  some  state  department  of  health  lab- 
oratories throughout  the  country  recognize  the  value  of  numerous 
tubes,  while  others  still  use  single  tube  determinations.  Table  8 
is  a  brief  summary  of  the  methods  used  in  the  laboratories  and  illus- 
trates the  wide  possibility  of  interpretation  of  the  quality  of  a  supply, 
depending  upon  the  laboratory  in  which  the  speciiyien  happens  to  be 
examined.  Certainly  a  sample  of  water  examined  in  the  laboratory 
of  the  State  Department  of  Health  of  Connecticut  may  differ  very 
materiaUy  in  its  supposed  quality  from  a  similar  sample  tested  accord- 
ing to  the  methods  in  use  in  Michigan.  It  becomes  extremely  dif- 
ficult, therefore,  to  compare  types  of  water  from  different  states  upon 
the  basis  of  percentage  positive  in  different  dilutions,  when  the 
details  as  to  procedure  are  not  given  in  complete  form. 

The  effect  of  varying  numbers  of  tubes  can  hardly  be  exaggerated, 
when  the  quality  of  a  water  is  to  be  determined.  Various  refinements 
as  to  choice  of  numbers  of  tubes  result  very  frequently  in  an  improve- 
ment or  degradation  of  the  water  in  question,  without  any  real  dif- 
ference in  the  colon  content.  A  typical  instance  of  such  a  procedure 
as  the  above  is  given  by  the  method  in  use  in  a  water  filtration  plant 
in  Maryland.  The  laboratory  at  this  plant  determines  the  quality 
of  its  chlorinated  filtered  water  by  using  a  large  number  of  fermenta« 
tion  tests  in  10  cc,  with  a  small  number  in  1  cc.  In  the  month  of 
June,  1917,  for  example,  ten  10  cc,  with  only  two  or  four  1  cc, 
samples  were  tested  daily.  The  precision  of  results  in  10  cc  was, 
therefore,  something  like  twice  that  of  the  findings  in  1  cc,  since  it 
varies  as  the  square  root  of  the  number  of  samples.  Such  a  system 
resulted  in  an  unconscious  placing  of  a  premium  on  not  finding  B. 
coli  in  the  lower  dilution.  Inasmuch  as  the  quality  of  the  chlorinated 
effluent,  in  this  particular  instance,  was  none  too  good,  as  indicated 
by  the  presimiptive  tests,  it  was  distinctly  advantageous,  for  a  better 
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TABLES 

Comparison  of  number  of  tubes  v^ed  at  each  dilution  in  routine  fermentation 

tests  for  B.  coli  in  state  department  of  health  laboratories 


NUMB  IB  or  TUBB8  U8BD  IN  DILUTION  OF 

10  CC. 

5cc. 

loc. 

0.1  oc. 

0.01  oc. 

California 

2 

1 
1 

2 

5 

2 

1 
1  to5 
1  to5 

2 

5 

1 

7 

3  to  5 

3 
1 

1 

1  to  2 

2 

3 

2 
2 

1 
1 

2 
1 

2 

1 

2 

1 
1  to  2 
1  to  5 

5 
1  to  5 

1 

7 

5 
3  (2cc.) 

1 

5 
5 
2 
3 
1 
2 
1  to  2 
2 

1 
1 
2 

2 
1 

1 
2 

2 
1 

1  to  5 

1 

1 
7 
3 

5 
2 
3 
1 

1  to  2 
2 

2 

Connecticut 

District  of  Columbia 

1 

Florida 

Greorgia 

Illinois 

Indiana 

Iowa 

Kentucky 

Maine 

Maryland 

1 

Massachusetts 

Michigan 

Missouri 

Montana 

New  Hampshire 

New  Jersey 
Public  supplies 

Private  and  new  supplies 

Raw — highly  polluted 

2 

New  York 

North  Carolina 

Ohio 

Rhode  Island 

South  Carolina 

South  Dakota 

Vermont 

West  Virginia 

Wyoming. 

Note.    See  note  in  table  1. 

showing  of  the  plant,  that  the  number  of  tubes  should  be  reduced  in 
the  lower  dilution.  This  was  done,  whether  consciously  or  uncon- 
sciously is  unimportant,  with  the  consequence  that  during  the  month 
232  tubes  were  used  in  the  10  cc.  tests,  while  only  94  were  employed  in 
the  1  cc,  or  a  ratio  of  precision  in  the  two  instances  of  approximately 
1.6  to  1.0.  The  intensity  of  search  for  B.  coli  in  the  1.0  cc.  dilutions 
(the  more  important  of  the  two  under  discussion)  was  therefore 
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materially  reduced  and  the  corresponding  quality  of  the  water  prob- 
ably enhanced.  This  was  undoubtedly  the  case,  since  the  proportion 
of  positive  tests  in  the  10  cc.  was  high  (74  per  cent)  while  in  the  1  cc. 
it  was  only  7.4  per  cent.  It  is  somewhat  hard  to  beUeve  the  data  of  a 
certain  day  when  ten  10  cc.  tubes  were  all  found  to  be  positive,  while 
all  of  the  four  1  cc.  tests  were  negative.  Here  evidently  the  relative 
reduction  of  the  number  of  tubes  in  1  cc.  from  that  in  10  cc.  has 
created  a  less  inferior  quality  of  eflBiuent  to  that  probably  existing. 
That  the  above  conclusion  is  justified  is  inherent  in  the  fact  that, 
given  a  necessary  predominance  of  possible  negative  over  positive  tests, 
or  a  low  initial  density  of  bacilli  relative  to  the  particular  dilution,  the 
smaller  the  number  of  total  examinations  the  better  the  apparent 
quality  of  the  water.  In  a  small  total  number  of  tubes,  the  proba- 
bility of  the  few  possible  positive  tests  appearing  becomes  very  sUght. 

Chemical  determinations.  The  importance  of  chemical  examina- 
tions in  determining  the  quaUty  of  a  supply  has  been  given  consider- 
able discussion  in  past  years.  The  necessity  for  the  so-called  sani- 
tary determinations  has  ranged  from  the  viewpoint  of  the  advocate 
of  continuous  and  complete  chemical  analyses,  as  in  Massachusetts, 
to  the  more  radical  exponents  of  the  complete  omission  of  sanitary 
chemical  tests,  as,  for  instance,  the  public  health  oflBcials  of  Minnesota. 
The  establishment  of  chemical  standards  for  quality  of  water  need  not 
be  gone  into  here  in  any  detail,  since  both  the  methods  and  the  ac- 
curacy of  results  in  this  field  of  water  analysis  are  far  more  advanced 
than  in  the  case  of  the  bacterial  tests.  The  problem  in  this  instance, 
however,  as  well  as  in  the  case  of  bacterial  standards,  seems  to  lie 
more  in  the  further  study  of  the  relative  significance  of  data  rather 
than  in  the  establishment  of  meaningless  standards  based  upon  in- 
complete and  variable  manifestations  of  hidden  phenomena. 

Sanitary  survey.  Although  the  sanitary  survey,  or  the  study  of  the 
natural  physical  features  surrounding  a  given  water  supply,  has 
always  been  recognized  as  of  prime  importance  in  the  consideration 
of  the  safety  of  a  water,  yet  it  has  been  rarely  given  the  emphasis  it 
necessarily  demands  in  the  establishment  of  arbitrary  standards.  It 
has  been  only  recently  that  the  United  States  Treasury  Department 
has  stipulated  in  its  requirements  that  a  sanitary  survey  of  the  sources 
of  a  supply  should  be  included  in  the  summary  of  the  condition  or 
quality  of  the  water  to  be  certified.  Just  what  relative  weight  the 
field  survey,  as  opposed  to  the  bacteriological  analysis,  is  given  in  the 
above  system  of  standardization  it  is  not  possible  to  state.    Pre- 
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cedent,  too,  has  given  far  more  consideration  to  the  question  of  bac- 
terial content  than  to  any  other  extraneous  features,  with  the  result 
that,  if  the  survey  proves  unsatisfactory,  the  la3mian  and  often  the 
health  oflBcer  of  questionable  honesty  lay  stress  upon  the  more  elusive 
and  shadowy  bacterial  content.  If  a  field  survey  indicates,  for 
instance,  that  a  water  is  subjected  to  filtration  and  disinfection  imder 
the  guidance  of  the  town  plumber,  with  its  attendant  inconsistency 
of  performance  and  continual  hazard  of  unsuccessful  purification, 
should  or  would  such  a  survey  preclude  the  issuance  of  a  certificate, 
if  the  analytical  data  resulting  from  a  few  choice  samples  collected  by 
the  town  authorities  show  the  water  to  meet  the  "1/5  in  10  cc."  re- 
quirement? It  would  seem  that  the  artificial  standard  often  serves 
the  purpose  of  indicating  the  loophole  through  which  the  inefficient 
water  company  may  escape,  rather  than  of  clarifying  the  situation  as 
to  doubtful  quality. 

That  the  general  field  survey  has  been  given  in  the  past  by  some 
sanitarians  the  attention  it  requires  is  undoubtedly  true.  Whittaker,* 
for  instance,  has  pointed  out  within  the  last  few  months,  as  a  result 
of  a  number  of  years  of  experience  in  Minnesota,  that  "the  field  sur- 
vey and  analytical  results  together  should  afford  information  on 
which  reconmiendations  can  be  made  for  the  protection  or  abandon- 
ment of  the  supply."  The  standards  of  quality  of  water  supplies 
should  include,  therefore,  not  only  reconmiendations  as  to  analytical 
data,  but  injunctions  as  to  field  or  sanitary  surveys.  The  establish- 
ment of  standards  as  to  "structural,  environmental  and  operative 
features"  would  require,*  in  a  greater  degree  even  than  similar 
attempts  as  to  analytical  work,  an  immediate  standardization  of 
method  of  survey  rather  than  an  evaluation  of  the  results  or  findings 
of  the  survey.  Here,  as  in  the  case  of  other  possible  quantitative 
water  standards,  the  necessity  indicates  that  the  units  of  measure 
must  be  devised  before  the  limitations  of  such  units,  as  yet  non- 
existent, may  be  determined.  It  is  the  latter  feature  of  the  above 
axiomatic  statement  upon  which  most  advocates  of  standards  of 
quality  lay  particular  stress. 

PRESENT  STANDARDS  OF  QUALITY  OF  WATER 

State  departments  of  health.  The  attitude  of  official  sanitarians, 
such  as  those  in  charge  of  the  activities  of  the  various  state  depart- 

•  H.  A.  Whittaker,  Fallacies  in  the  Investigation  of  Water  Supplies.  Jour, 
A.  P,H.A.,  Vol.  VII,  No.  9. 
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ments  of  health,  toward  the  advisability  or  necessity  of  the  use  or 
adoption  of  arbitrary  standards  of  quality  is  reflected  somewhat  in 
the  fact  that  Connecticut,  Florida,  Illinois,  Indiana,  Iowa,  Kansas, 
Kentucky,  Maine,  Maryland,  Massachusetts,  Minnesota,  Missouri, 
Montana,  New  Hampshire,  New  Jersey,  New  York,  North  Carolina, 
Rhode  Island,  South  Carolina,  South  Dakota,  Virginia  and  Wyoming 
use  no  arbitrary  standard  for  interpretation,  while  California,  Georgia, 
Michigan  and  Wisconsin  use  the  United  States  Treasury  Department 
standard  or  some  variation  thereof  at  some  or  all  times.  A  number  of 
the  analysts  and  sanitary  engineers  expressed  the  opinion  rather 
vehemently  that  no  general  standard  could  be  devised  to  fit  the  pecu- 
liar conditions  existing  in  that  particular  section  of  the  country. 
Stephen  De  M.  Gage,  Chief  of  the  Division  of  Chemistry  and  Sani- 
tary Engineering  of  the  Rhode  Island  State  Board  of  Health,  ex- 
presses^ the  situation  with  clarity  in  the  following  terms: 

We  do  not  use  any  arbitrary  standard  of  quality  of  water.  Each  individual 
sample  is  judged  upon  its  own  merits,  as  shown  not  only  by  the  bacterial 
examination  but  by  result  of  the  chemical  tests  and  general  knowledge  of  sani- 
tary surroundings  by  inspection  of  the  source.  It  is  not  practicable  nor  fair 
to  attempt  to  apply  any  arbitrary  standard  of  quality,  bacterial  or  chemical, 
to  New  England  waters. 

It  is  interesting  to  note  in  all  the  correspondence  with  the  various 
state  departments  of  health  that  the  United  States  Treasury  standard 
is  used  in  practically  every  instance  in  the  certification  of  railroad 
water  suppKes,  but  in  only  4  of  the  24  is  it  appUed  generally  to  others. 
Opinions  vary  widely  as  to  the  desirability  of  adhering  strictly  to  the 
bacterial  limits  given  in  the  above  standard.  Frank  Bachman,  of  the 
California  State  Board  of  Health,  states'**  that 

The  Treasury  Department's  standards  are  too  severe  for  municipal  water 
supplies  and  that  the  1  cc.  standard  used  a  few  years  ago  was  too  low.  Our 
arbitrary  standard  is  between  the  two. 

Edmon  Greenfield,  of  the  Illinois  State  Water  Survey,  agrees" 
somewhat  with  the  above  in  expressing  the  opinion  that 

In  many  cases  we  consider  the  standards  proposed  by  the  United  States 
Treasury  Department  for  water  to  be  used  on  interstate  carriers  as  just  and 


•  Stephen  De  M.  Gage,  By  letter,  dated  November  21,  1917. 
"  Frank  Bachman,  By  letter,  dated  December  3,  1917. 
"  Edmon  Greenfield,  By  letter,  dated  November  13.  1917. 
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satisfactory.  In  other  cases  we  do  not  feel  that  they  apply  as  well  as  they 
might.  The  standard  suggested  by  the  United  States  Treasury  Department 
for  total  count  on  agar  at  37i*  seems  to  be  quite  lenient,  while  the  standard 
for  minimum  content  of  B.  coli  seems  to  be  quite  severe  in  some  cases. 

.  In  Virginia,  on  the  other  hand,  Dr.  Fitzgerald,  bacteriologist  for 
the  State  Board  of  Health,  assumes*^  a  different  attitude  by  pointing 
out  that 

Our  standards  of  quality  vary  from  those  of  the  Public  Health  Service, 
since  we  allow  in  certain  samples  a  count  of  under  500.  We  classify  samples 
showing  colon  bacilli  in  1  cc.  '*bad/'  10  cc.  and  20  cc.  *' suspicious.*' 

Bearing  in  mind  the  fact  that  the  methods  of  arriving  at  bacterial 
results  differ  widely  in  the  various  laboratories  and  that  the  arbi- 
trary standards,  wherever  they  exist,  are  interpreted  with  consider- 
able differences  of  opinion,  we  should  not  be  very  far  astray  in  con- 
cluding that  "standards  of  quality^'  are  not  entirely  favorably  viewed 
by  most  of  the  official  sanitarians.  That  new  and  impracticable 
standards  are  not  only  undesirable,  but  almost  impossible  of  estab- 
lishment at  this  time,  also  seems  to  be  the  consensus  of  opinion  of  a 
large  part  of  the  analysts  and  sanitary  engineers. 

United  States  Treasury  Department  standard.  The  power  of  con- 
juring with  the  name  of  the  federal  government  often  leads  to  the 
adoption  of  procedures  which,  under  unofficial  stamp,  would  be  sub- 
jected to  closer  scrutiny  and  to  more  suspicion.  The  bare  require- 
ments of  the  United  States  Treasury  Department  Standard  have  been 
accepted  bj'  many  as  a  convenient,  automatic,  and  almost  mathe- 
matical means  of  determining  the  safety  of  an  unknown  supply. 
Given  certain  known  quantities  of  water,  a  few  bacteriological  tests, 
the  substitution  of  results  in  an  equation,  and  the  problem  was  solved. 
The  standard  is  apparently  definite,  precise,  and  easy  of  application, 
but  does  it  given  an  accurate  index  to  the  quality  of  a  water  supply? 
As  usually  carried  out,  the  standard  undoubtedly  does  not.  It  does 
not  perform  its  function  as  quickly,  as  safely,  as  exactly  as,  even  to- 
day, many  health  officials  assume. 

The  federal  requirements  stipulate  that 

The  total  number  of  bacteria  developing  on  standard  agar  plates,  incu- 
bated twenty-four  hours  at  37°C.,  shall  not  exceed  100  per  cubic  centimeter. 
Provided,  that  the  estimate  shall  be  made  from  not  less  than  two  plates, 
showing  such  numbers  and  distribution  of  colonies  as  to  indicate  that  the 
estimate  is  reliable  and  accurate. 

"  Jas.  O.  Fitzgerald,  By  letter,  dated  November  13,  1917. 
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How  reliable  and  accurate  such  estimates  may  be  is  made  clear  by 
the  following  abstracts  from  a  discussion^^  by  Prof.  Geo.  C.  Whipple 
on  "The  Element  of  Chance  in  Sanitation.'' 

The  chance  of  a  single  bacteriological  count  exceeding  a  given  standard 
of  100  when  the  actual  number  present  in  the  sample  is  the  figure  given  in  the 
first  column: 


NUlfBBR  OP  BACTERIA  PBB8BNT 

CUANCB  OP  A  SINGLE  SAMPLE  BXCBBDINQ  THE 
STANDARD  OP  100 

100 

1  in  2 

90 

1  in  2.8 

80 

lin5 

70 

1  in  12.5 

60 

1  in  66.6 

50 

1  in  2500 

On  the  other  hand,  in  a  sample  of  water  which  contained  more  bacteria 
than  the  standard,  there  would  have  been  a  chance  that  the  plate  contained 
fewer  bacteria  than  the  standard. 


NDMBBB  OP  BACTBRIA  PBB8BNT 

CHANCE  OP  A  BINQLB  SAMPLE  BEING  LESS  THAN 
THE  STANDARD  OP  100 

100 

•                       1  in  2 

110 

1  in  2.6 

120 

1  in  3.4 

130 

1  in  4.5 

140 

1  in  6.1 

160 

1  in  7.7 

200 

1  in  20.0 

It  will  be  seen  from  these  figures  that  in  the  case  of  waters  which  contain 
fewer  bacteria  than  the  standard,  but  near  it,  the  chance  of  a  single  count 
exceeding  the  standard  is  high  but  in  samples  which  contain  much  fewer 
numbers  than  the  standard  the  chance  of  a  single  count  exceeding  the  stand- 
ard decreases  rapidly.  In  the  case  of  samples  which  contain  more  bacteria 
than  the  standard  the  chance  of  a  single  count  showing  less  than  the  standard 
is  considerable.  The  chance  of  a  bad  sample  being  called  good  is  greater 
than  the  chance  of  a  good  sample  being  called  bad  if  the  number  of  bacteria 
present  differs  greatly  from  the  standard. 

It  is  evident  that  when  dependence  is  placed  upon  a  single  bacterial  count 
a  rigid  application  oi  the  standard  is  likely  to  do  injustice  either  on  one  side 

"  G.  C.  Whipple,  The  Element  of  Chance  in  Sanitation.  Jour.  Franklin 
Inaiitute,  August,  1916. 
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or  the  other.  It  is  evident,  therefore,  that  in  order  to  prevent  injustice  being 
done  in  the  application  of  quantitative  bacteriological  standards  to  water 
it  is  necessary  that  several  tests  should  be  made.  The  number  of  plates 
which  should  be  made  in  any  given  case  has  not  been  definitely  determined, 
but,  obviously,  a  large  number  of  plates  should  be  made  whenever  there  is 
reason  to  suspect  that  the  water  approaches  a  given  standard  in  its  bacterial 
content.  For  waters  which  are  expected  to  be  below  the  standard  two  plates 
would  probably  be  sufficient,  but  under  many  conditions  five  or  even  ten 
plates  may  be  necessary  to  give  results  which  can  be  safely  depended  upon. 

Since  the  number  of  samples  and  of  plates  vary  considerably  in 
different  applications  of  the  United  States  Treasury  standard,  it  is 
entirely  problematical  what  the  significance  of  an  allowable  coimt 
of  100  is  when  the  count  may  be  obtained  through  the  medium  of 
one  sample  or  several  hundred  during  the  year. 

The  second  criterion  of  the  federal  requirement  that  "not  more  than 
one  out  of  five  10  cc.  portions  of  any  sample  examined  shall  show  the 
presence  of  organisms  of  the  B.  coli  group' '  leads  one  into  further 
complications,  when  it  is  kept  in  mind  that  it  was  the  intent  of  the 
standard  to  allow  a  possible  maximum  B.  coli  content  of  only  2  per 
100  cc.  The  1/5  in  10  cc.  requirement  was  assumed  to  give  a  con- 
venient method  of  testing  the  allowable  "2  per  100  cc."  content. 
How  successfully  it  may  succeed  in  doing  this  may  be  gathered  from 
the  following  discussion^  by  Mctrady . 

Some  calculations  indicating  the  percentage  of  various  results  which  will 
occur  when  various  numbers  of  B.  coli  are  contained  in  the  sample,  are  shown 
below. 


KUMBBK  or  B.  COLI  IN 
8AMPLB  X 

PBBCBNrAOB  OF  TIMB 

THAT 

"0/6  IN   10  CC."  WILL 

OCCUR 

PBBCBNTAOB  Or  TIMB 

THAT 
"1/5  IN   10  CC."   WILL 

OCCUR 

PBBCBNTAOB  OP  TUB 

THAT 

"2/6  IN  10  CC."  WILL 

OCCUR 

0 

100.0 

0 

0 

1 

50.0 

50.0 

0 

2 

25.0 

55.0 

20 

3 

12.5 

45.0 

36 

4 

6.25 

33.55 

5 

3.13 

23.26 

6 

1.56 

15.52 

7 

0.78 

10.09 

8 

0.39 

6.44 

9 

0.19 

405 

10 

2.54 

11 

1.57 
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It  will  be  noticed  from  these  calculations  that  when  4  B.  coll  are  present 
in  the  sample,  the  sample  will  pass  the  standard  about  40  per  cent  of  the  time. 
And  one  out  of  about  every  six  samples,  containing  6"  B.  coli,  will  pass  the 
standard  (1.56  per  cent  plus  15.52  per  cent).  On  the  other  hand,  one  out  of 
every  five  samples  containing  only  2  B.  coli  per  100  cc.  will  fail  to  pass  the 
standard. 

Consequently,  when  it  is  remembered  that  the  standard  signifies  a  most 
probable  limit  of  2  B.  coli  per  100  cc,  it  is  evident  that  the  standard  method 
of  analysis  renders  the  standard  much  more  lenient  than  might,  at  first  glance, 
be  supposed. 

The  above  discussions  illustrate  the  possible  defects  of  the  Treasury 
Department  standard  when  the  requirements  aie  literally  followed. 
Since  no  complete  directions  are  given  as  to  method,  frequency  of 
sampling,  or  interpretation  of  the  analytical  procedures  outlined,  the 
possible  variations  in  significance  of  the  standard  become  manifest. 
The  standard  becomes,  therefore,  not  a  precise  and  accurate  index  as 
to  quality,  but  rather  simply  a  convenient  mode  of  analysis  to  be 
used  with  considerable  caution  for  comparative  purposes. 

A  rather  curious  abuse  of  the  federal  standard  has  resulted  in  recent 
years  from  the  failure  of  the  requirement  to  specify  the  exact  and 
relative  importance  of  the  somewhat  "delphic  utterance"  that  "it 
is  reconunended,  as  a  routine  procedure,  that  in  addition  to  five  10  cc. 
portions,  one  1  cc.  portion,  and  one  0.1  cc.  portion  of  each  sample  ex- 
amined be  planted  in  a  lactose  peptone  broth  fermentation  tube,  in 
order  to  demonstrate  more  fully  the  extent  of  pollution  in  grossly 
polluted  samples."  Inasmuch  as  the  requirements  suggest  the  1  and 
0.1  cc.  tests,  but  make  no  stipulation  as  to  their  relative  significance, 
it  becomes  extremely  convenient  for  health  authorities,  water  com- 
panies and  filtration  plant  operators  to  discard  the  lower  dilutions 
whenever  the  results  in  10  cc.  meet  their  purposes  better.  It  should 
be  borne  in  mind  that  unfortunately  the  aim  of  some  who  operate 
water  supplies  is  not  always  to  determine  the  real  quality  of  the 
supply,  but  to  defend  it,  in  the  face  of  criticism,  by  endeavoring  to 
show,  through  judicious  selection  of  data,  that  the  water  passes  the 
standard  of  the  United  States  Treasury  Department. 

A  striking  illustration  of  such  a  procedure  is  given  by  the  situation 
in  one  of  the  cities  in  Maryland.  The  municipal  supply  is  not  always 
of  the  best  and  controversial  discussion  as  to  quality  has  occurred 
from  time  to  time  between  state  and  municipal  health  authorities. 
The  question  of  certifying  to  the  supply  is  still  a  source  of  disagree- 
ment, simply  because  of  the  vagueness  of  the  federal  requirements. 
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A  municipal  official  may  insist  upon  the  selection  of  a  short  series  of 
good  results  that  may  have  occurred  just  prior  to  the  date  for  certi- 
fication, when  these  results  are  not  typical  of  those  obtained  during 
the  rest  of  the  year,  or  upon  the  strict  application  of  the  10  cc.  cri- 
terion, in  the  face  of  contradictory  evidence  given  by  lower  dilutions. 
A  discussion  of  the  data  shown  in  table  9  will  make  the  situation 
clearer.  In  this  table  there  have  been  collected  the  results  of  labora- 

TABLEO 

Significance  of  1.0  and  0.1  cc.  dilutions  in  determining  the  qtudity  of  a  supply 
by  the  United  States  Treasury  Department  standard 


1917 

MONTH 


January.. 
February . 
March 


April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


B.  COLI  PBR  CBNT  POSiriTB  CON- 
riBMSD  IN 

B.  COU  PBB 

lOOcc.  (bt 

10  oc. 

loo. 

0.1  oc 

IfBTBOD) 

20.5 

6.4 

0.6 

13.21 

61.9 

26.5 

6.2 

26.3 

9.0 

3.2 

39.53 

16.7 

3.6 

1.4 

17.61 

26.7 

9.3 

0.7 

17.34 

33.3 

15.1 

2.4 

38.52 

26.8 

15.7 

6.3 

73.51 

26.0 

12.0 

2.0 

31.40 

39.0 

10.0 

1.0 

21.90 

18.0 

2.1 

0.0 

3.69 

24.3 

0.0 

0.9 

11.43 

9.9 

2.0 

0.0 

2.79 

Average  B.  coli  index,  from  10  cc.  results  only  =  2.43  per  100  cc.  (exclusive 
of  February). 

Average  B.  coli  index  from  10,  1  and  0.1  cc.  dilutions »  24.62  per  100  cc. 
(exclusive  of  February). 

Note.  Above  results  obtained  from  tap  water  analyses  in  city  in  Mary- 
land.   Average  number  of  samples  approximately  125  per  month. 

tory  examinations  extending  over  the  year  1917.  By  averaging  only 
the  10  cc.  results  for  the  year  and  estimating  from  these  the  number  of 
B.  coli  per  100  cc.  (by  Phelps'  method),  we  obtain  an  average  B. 
coli  content  of  2.43  per  100  cc.  This  value  is  somewhere  near  the 
maximum  allowable  density  usually  assumed  as  the  requirement  of 
the  Treasury  Department.  When  using  the  additional  results  of  1 
and  0.1  cc.  dilutions,  the  quality  of  the  water  takes  on  an  entirely 
different  aspect.  The  average  number  of  B.  coli  per  100  cc.  (also 
calculated  by  Phelps'  method)  now  becomes  24.62,  or  over  ten  times 
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the  value  obtained  from  the  10  cc.  dilutions  alone.  The  city  health 
oflSeial  would  support  his  contention  as  to  certifiability  upon  the  10 
cc.  basis  while  ignoring  the  much  less  attractive  1  and  0.1  cc.  results. 

In  the  month  of  April,  for  instance,  the  water,  on  the  basis  of  the 
10  cc.  figure,  would  meet  the  certification  requirement.  Yet,  by 
using  all  the  data  available,  the  B.  coli  content  of  the  water  may  be 
assumed  to  be  17.51  per  100  cc.  If  the  1  and  0.1  cc.  dilutions  had  not 
been  made,  as  is  often  the  case,  the  doubt  as  to  the  superior  quality 
of  the  supply  would  have  been  removed,  in  spite  of  the  fact  that  the 
water  contained  approximately  nine  times  as  many  B.  coli  as  is 
tacitly  allowed  by  the  federal  requirements. 

The  above  data  and  their  application  are  not  at  all  hypothetical, 
but  are  exact  and  accurate  duplicates  of  conditions  which  have 
occurred  in  Maryland,  and  probably  in  other  states,  as  a  result  of  the 
compulsory  adoption  of  exact  standards  and  their  adaptation  to 
variable  phenomena.  In  such  instances,  the  application  of  the 
standard  aids  the  oflScial  to  dodge  the  responsibility  of  producing 
water  of  excellent  quality,  instead  of  serving  as  the  means  of  detect- 
ing poor  quality. 

It  is  well  to  point  out,  before  leaving  the  discussion  on  the  federal 
standard,  that,  if  any  changes  are  contemplated  in  its  requirements 
emphasis  must  be  placed  upon  the  necessity  of  using  all  the  data 
extending  over  the  periods  intermediate  between  the  oflScial  certi- 
fication dates,  rather  than  a  few  choice  samples  collected  just  prior 
thereto.  Too  often  a  large  series  of  earlier  results  are  discarded  for 
more  convenient  later  data.  It  comes  about,  therefore,  that  the 
present  federal  requirement  may  assume  a  two-fold  aspect  depending 
upon  the  whim  of  the  water  supply  administrator.  Incidentally, 
haphazard  certification  to  the  Treasury  Department  by  local  health 
ofiicials,  who  are  frequently  over-zealous,  should  be  stopped  and  this 
duty  delegated  only  to  the  state  health  organizations. 

Filtration  plants.  The  analytical  methods  in  use  at  the  various 
filtration  plants  throughout  the  country  have  been  made  the  subject 
of  an  extensive  and  detailed  compilation  within  recent  months  by 
Jack  J.  Hinman,  Jr.,  of  the  Iowa  State  Board  of  Health.  Mr.  Hin- 
man  has  gathered  such  complete  data  on  this  subject  that  it  would  be 
entirely  unnecessary  to  discuss  here  the  procedures  further  than  to 
quote  from  one  of  his  discussions^*  the  following  words : 

"  J.  J.  Hinman,  Jr.,  Water  Works  Laboratories.  loioa  Academy  of  Science, 
Vol.  xxiv.  1917. 
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A  glance  at  the  table  will  show  you  that  in  spite  of  the  excellent  work 
which  has  been  done  in  the  preparation  of  our  Standard  Methods  of  Water 
Analysis,  the  bacteriological  procedure  of  the  water  plants  is  far  from 
uniform. 

It  seems,  therefore,  that  the  possibilities  of  obtaining  definite  units 
of  measure  of  quality  for  filter  plant  effluents  are  as  remote  as  those 
for  general  water  supplies. 

It  is  of  passing  interest  to  note  at  this  point  several  deleterious 
effects  of  the  past  standardization  of  filter  effluents  upon  an  accurate 
interpretation  of  quality.  One  of  the  oldest  methods  of  rating 
filtration  plant  performance,  in  reaUty  sometimes  resulting  only  in  a 
specious  attempt  to  conceal  by  circuitous  methods  the  quahty  of  an 
effluent,  is  the  familiar  "percentage  efficiency"  method.  Its  basis, 
its  shortcomings,  its  dangers,  even  today,  have  been  elaborated  time 
and  again,  but  the  "percentage  efficiency"  still  persists  as  the  old 
"war  horse"  bUnder  for  inefficiency  and  poor  effluent. 

Attention  is  called  here  only  briefly  to  another  practice  which  has 
come  to  the  author's  attention  in  the  use  of  the  above  method, 
resulting  in  an  added  objection  to  the  formation  of  reckless  standards 
which  year^  do  not  serve  to  obliterate  from  the  minds  of  the  gullible 
pubUc.  The  average  percentage  removal  of  bacteria  during  a  par- 
ticular month  means  to  most  laymen  the  usual  or  mean  removal 
effected  during  individual  days.  If  this  average  figure  happens  to 
reach  98,  then  all  is  well  in  the  heart  of  the  consumer,  if  not  in  the 
mind  of  the  health  officer.  If  this  method  of  standardization  is 
to  be  used,  its  mathematical  evaluation  should  be,  at  least,  properly 
developed.  Strange  as  it  may  seem,  the  practice  has  persisted  in 
two  of  the  filtration  plants  in  Maryland  of  sununing  up  the  total 
raw  water  and  effluent  bacteria  for  the  month  and  calculating  from 
these  totals  the  average  monthly  percentage  removal.  This  re- 
sulted, for  example,  for  one  step  of  the  purification  process,  in  a 
figure  of  77.0  during  a  month  in  which  more  than  40  per  cent  of  the 
days  show  a  percentage  removal  of  47  or  under,  while  at  no  time 
during  the  month  did  the  removal  exceed  93  per  cent. 

The  obvious  effect  of  calculating  average  percentage  removals  by 
means  of  total  bacteria  for  the  month  is  to  vitiate  the  poor  results 
of  many  days  by  good  results  on  a  few.  The  ordinary  and  real 
operating  results  of  the  plant  are  totally  lost  sight  of.  This  effect 
is  made  clear  by  the  following  series  of  results  from  the  plant  under 
discussion 


A       ^. 
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June  18-23 1  bacterial  removal^  coagulating  basiris  to  filter  effluent 


AVSRAGB  COUNT,  20**C. 

DAT  or  MONTH 

Ck)asulating  basin 
effluent 

Filter  effluent 
(Unchlorinated) 

PBR  CBNT  RBlfOYAL 

June  18 

1355 
295 
135 

1280 
130 
285 

160 
210 
85 
146 
124 
180 

88 

June  19 

29 

June  20 

37 

June  21 

89 

June  22 

5 

June  23 

37 

Totals 

3480 

905 

285 

Average  percentage  removal — by  Method  (a),  74.0 

by  Method  (b),  47.5 

The  percentage  removal  designated  (a)  is  the  value  obtained  by 
the  method  in  use  at  the  plant,  consisting  of  the  percentage  change 
in  the  total  numbers  of  bacteria  for  the  week.  This  value  is  re- 
corded, then,  as  the  average  percentage  removal,  in  spite  of  the  fact 
that  on  four  days  out  of  the  six  the  performance  was  nowhere  near 
74.0  per  cent.  It  is  manifest  from  the  above  data  that  two  exces- 
sively high  basin  counts  hide  completely,  in  method  (a),  the  poor 
results  obtained  during  two-thirds  of  the  week.  The  undue  influ- 
ence of  a  few  high  raw  water  counts  is  accentuated,  due  to  the  fact 
that  they  are  almost  always  accompanied  by  high  percentage 
rejnovals  (for  instance,  June  18  and  21).  A  few  days,  or  even  one 
day,  of  high  raw  water  counts  may  predetermine  the  value  of  the 
percentage  removal  for  a  whole  month.  Table  10  is  exhibited  in 
this  connection,  since  it  illustrates  the  possibilities  of  statistical 
juggling  even  with  such  an  apparently  stable  and  uniform  procedure 
as  the  calculation  of  percentage  removal.  In  explanation,  it  should 
be  pointed  out  that  method  (b)  consisted  of  obtaining  the  average 
of  the  daily  percentage  removals  (as  stipulated  in  the  report  of  the 
committee  of  the  New  England  Water  Works  Association,  January 
13,  1915)  rather  than  the  percentage  removal  of  the  total  raw  water 
and  effluent  bacteria.  In  a  discussion  of  the  average  performance 
of  a  plant,  the  individual  daily  performances  are  dealt  with,  since 
the  performancey  not  the  bacteria,  is  under  scrutiny. 

The  above  discussion  illustrates  the  abuses  to  which  a  standard 
or  unit  of  measure  may  be  subjected  when  the  mode  of  determining 
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the  unit  has  not  been  defined  in  iron-clad  terms;  and,  secondly,  it 
illustrates  a  fallacy  which  has  not  always  been  kept  clearly  before 
us,  that  is,  that  a  measure  of  performance,  whatever  its  method  of 

TABLE  10 

Comparison  between  average  percentage  removals  obtained  by  two  different 
methods  oj  calculation 


January < 

March < 

April I 

May I 

June < 

July I 

August < 


PBBCBXTAOB  RBlfOVAL 

Turbidity 

Bacteria  at  aO*C. 

Basin  1 

Basin  2 

FUters 

Baainl 

BaainZ 

FUtera 

Chlo- 
rine 

Reported 

73.5 

76  0 

94.5 

75.0 

77.0 

94.5 

930 

Revised 

500 

53.0 

95.5 

53.0 

48.0 

93.8 

90.5 

Reported 

89.5 

90  5 

96.7 

86.0 

87.0 

76.0 

97.0 

Revised 

77  2 

804 

97.7 

80.0 

83.0 

71.7 

95.6 

Reported 

79  0 

79.0 

100.0 

84.5 

82.5 

88.5 

91.0 

Revised 

76.2 

77.1 

1000 

78.0 

71.2 

88.8 

73.3 

Reported 

78.0 

79.0 

100.0 

71.0 

61.0 

66.0 

92.0 

Revised 

76.3 

77.4 

100.0 

70.0 

53.0 

57.0 

66.0 

Reported 

87.0 

98.0 

98.5 

88.0 

86.0 

80.0 

71.0 

Revised 

76.0 

78.1 

98.1 

74.7 

73.0 

67.8 

63.2 

Reported 

89.0 

92  0 

100.0 

84.0 

82.0 

69.0 

78.0 

Revised 

77.9 

81.7 

99.3 

64.0 

60.9 

64.0 

52.0 

Reported 

71.0 

73  0 

96.0 

59.0 

37.0 

62.0 

93.0 

Revised 

69.4 

67.3 

97.3 

42.3 

21.0 

54.5 

86.5 

Note.    Reported  results  calculated  by  Method  (a) — see  text. 
Revised  results  calculated  by  Method  (b) — see  text. 

Reported  results  taken  from  records  of  a  filtration  plant  in  Maryland. 
The  percentages  are  calculated  for  successive  steps  of  the  purification  process. 

calculation,  is  not  synonymous  with  a  measure  of  the  quality  of  an 
effluent.  It  may  frequently  happeb  that  the  unit  of  performance 
may  be  so  chosen  as  to  give  an  index  to  the  quality  of  the  effluent, 
but  the  same  objections  cannot  be  raised  to  standards  of  perform- 
ance as  to  those  of  quaUty.  In  the  former,  comparative  data  may 
always  be  used  in  the  study  of  the  functioning  of  a  plant,  regardless 
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of  their  peculiar  significance,  but  in  the  latter,  the  significance  of 
absolute,  and  not  relative,  values  is  to  be  considered. 

SUMMARY 

The  establishment  of  a  standard  of  quality  for  potable  water 
means  the  setting  up  by  some  accepted  authority  of  a  rule  for  the 
measure  of  quality.  Since  quality  is  a  variable  attribute,  intricately 
dependent  upon  a  series  of  natural  physical,  chemical  and  biological 
phenomena,  its  measurement  becomes  extremely  difficult.  The 
quality  of  a  particular  water  cannot,  in  most  instances,  be  measured 
adequately  by  means  of  the  evaluation  of  only  one  of  its  characteris- 
tics. The  real  consideration  or  interpretation  of  the  potabiUty  of  a 
supply  involves  a  series  of  mutually  active  attributes,  each  of  which 
plays  a  part  of  importance  in  modifying  and  determining  the  char- 
acter of  the  water.  Any  scientific  and  practical  standard  must 
include,  therefore,  a  composite  of  all  those  features  which  influence 
a  change  in  quality.  The  single  ultimate  unit  of  measure  or  the 
final  standard  becomes,  in  this  way,  an  index  number  of  properly 
weighted  individual  and  fundamental  units. 

The  prime  requisites  for  the  establishment  of  any  standard  are  the 
existence  of  those  basic  units  which  are  to  be  its  components  and 
of  universal  agreement  as  to  the  relative  significance  of  such  com- 
ponents. In  the  field  of  water  supply  neither  of  the  two  above 
requirements  has  been  fully  met.  Basic  or  fundamental  units  for 
measurement  of  quaUty  have  not  been  established  with  any  degree 
of  exactness  or  accuracy.  A  unit  of  measure,  such  as  the  B.  coli 
content,  certainly  cannot  be  predicated  upon  such  variable  pro- 
cedures as  are  now  followed,  without  resulting  in  a  confusion  of 
interpretation.  The  estabUshment  of  any  unit  demands  an  abso- 
lute consistency  in  its  measurement.  It  is  this  consistency  of 
measurement  which  is  now  absent  in  practically  every  available 
measure  of  quality. 

If  inconsistency  reigns  in  the  determination  of  the  fundamental 
units,  such  as  the  total  count,  the  B.  coli  content,  the  chemical 
constituents  and  the  sanitary  survey,  then  the  general  standard  of 
quality,  a  derived  unit  composed  of  basic  measures,  becomes  of 
extremely  Uttle  value,  if  we  add  to  this  consideration  of  incon- 
sistent method  of  obtaining  individual  units  the  fact  that  their  rela- 
tive significance  is  still  unsettled,  then  a  general  standard  becomes 
practically  useless  and  even  misleading. 
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From  the  above  discussion,  it  becomes  clear  that  the  study  of 
the  method  of  evaluating  a  unit  must  of  necessity  antedate  the 
attempt  to  establish  limiting  values  of  such  a  unit.  A  critical  survey 
of  past  standards  of  quality  seems  to  indicate  an  assumption  that 
the  method  of  unit-evaluation  is  fixed,  and  therefore  that  limiting 
values  are  the  desiderata.  It  is  not  felt  that  the  status  of  labora- 
tory or  field  method  of  analytical  examination  warrants  any  such 
assumption.  The  field  for  future  standardization  of  quaUty  of 
water  supplies  would  appear  to  lie  more  immediately  in  the  con- 
sideration of  such  problems  as  the  relative  significance  of  different 
bacterial  counts,  the  methods  of  obtaining  the  counts,  the  necessary 
frequency  of  sampling,  of  plating,  of  numbers  of  fermentation  tubes, 
the  numerical  interpretation  of  usual  fermentation  tube  results, 
the  allowable  variations  from  specified  bacterial  contents,  the  deter- 
mination of  real  bacterial  indices  to  sewage  pollution,  the  impor- 
tance of  chemical  determinations,  and  the  standardization  of  field 
survey  method.  More  remotely,  the  problem  of  standards  is  con- 
cerned with  the  coordination  of  the  results  of  such  studies  2&  the 
above  in  such  a  way  as  to  construct  a  composite  unit  of  measure. 
Until  these  studies  have  been  made  and  a  general  agreement  reached, 
a  standard  would  have  but  little  value. 
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WATER  SUPPLY  AND  SANITATION  AT  GOVERNMENT 
CAMPS  AND  SHIPYARDS^ 

By  Samuel  A.  Greeley 

The  author  has  been  connected  during  the  past  year  with  sani- 
tary work  for  the  Government  in  thr^e  different  capacities,  first,  for 
cantonment  construction;  second,  for  the  Pubhc  Health  Service, 
and  third  for  the  Emergency  Fleet  Corporation. 

It  has  been  interesting  to  see  the  extent  of  this  activity  and  the 
amount  of  work  that  is  being  done. 

The  water  works,  sewerage  system  and  other  utilities  at  Camp 
Custer  are  in  charge  of  Major  T.  A.  Leisen,  President  of  the  Amer- 
ican Water  Works  Association.  The  author  was  there  in  the  first 
part  of  January  when  an  interesting"  phase  of  the  work  was  the 
water  consumption.  The  consumption  on  which  the  design  of  the 
system  at  each  cantonment  was  based  was  55  gallons  per  capita  per 
day.  Camp  Custer  was  using  60  to  65  gallons  at  the  time  of  the 
author's  last  visit.  From  45  to  75  gallons  is  the  range  at  the  canton- 
ments of  which  the  author  has  records,  and  there  is  a  tendency  to 
increase  rather  than  decrease  the  amount.  Some  of  the  canton- 
ments have  sewage  treatment  plants  and  these  are  being  operated 
with  great  care;  so  much  so  that  the  author  feels  that  the  field  of 
sewage  works  operation  will  receive  an  impetus  from  the  results; 
obtained  in  the  operation  of  the  cantonment  plants.  OflBcials  m 
charge  of  them  compare  notes  and  thus  gain  by  the  combined  experi-w 
ence  of  the  operators  at  all  camps. 

The  United  States  Pubhc  Health  Service  is  an  old  organization 
which  has  recently  expanded  its  sanitary  division,  which  is  now  very 
well  fitted  to  take  up  the  work  of  sanitation  in  the  cantonment 
zones.  Where  the  Government  has  built  large  cantonments,  it  has: 
established  zones  around  them  and  has  taken  charge  of  the  sani- 
tary activities  within  those  zones.  The  zone  in  Louisville  is  perhaps 
the  most  important  because  one  of  the  army  cantonments  touchea 
the  city,  which  thus  comes  within  the  cantonment  zone. 

1  Read  before  the  Illinois  Section  at  Urbana,  April  16,  1018. 
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The  Public  Health  Service  sent  two  men  of  medical  training  to 
Louisville  in  October,  about  the  time  the  troops  began  to  arrive 
there.  They  estabUshed  themselves  on  a  cooperative  working  basis 
with  the  city  and  coimty  health  oflScers.  They  got  things  done  thftt 
had  been  talked  about  as  being  necessary  for  many  years.  They 
actually  built  over  500  sanitary  privies  within  a  few  miles  of  Camp 
Zachary  Taylor.  Almost  every  farm  was  fitted  with  a  flyproof 
sanitary  privy.  In  addition,  they  took  up  the  restaurant  question 
and  the  physical  examination  of  employees  in  restaurant  kitchens. 

The  author  had  been  working  on  the  garbage  and  refuse  disposal 
problem  in  Louisville  during  1917,  and  at  the  time  the  Public  Health 
Service  stepped  into  the  work  there,  things  were  nearly  ready  to 
develop  into  some  action.  A  beginning  had  been  made  on  ordi- 
nances to  organize  a  collection  department,  to  improve  conditions 
on  the  dumps  and  to  provide  for  garbage  disposal.  The  Public 
Health  Service  obtained  a  man  who  was  familiar  with  the  town  and 
put  him  in  charge  of  the  collection  work.  Now  they  are  subdivid- 
ing the  town  into  districts  and  establishing  a  model  collection  serv- 
ice in  different  parts  of  the  city,  with  the  idea  that  the  city  will 
extend  this  service  over  the  whole  city.  The  program  calk  for  the 
separation  of  ashes  and  rubbish  from  the  garbage.  From  the  dis- 
tricts, ashes  and  rubbish  are  taken  to  a  dump,  which  is  run  as  a 
model.  A  part  o'f  the  garbage  is  taken  to  a  hog  farm,  also  under  the 
supervision  of  the  Public  Health  Officers,  and  a  part  to  a  rendering 
plant.  They  are  thus  doing  work  that  will  be  of  permanent  value 
to  Louisville  and  of  much  value  to  other  conmiunities. 

For  ship  construction  imder  the  Emergency  Fleet  Corporation  the 
country  is  divided  into  eleven  districts,  extending  along  the  Atlantic, 
the  Pacific,  the  Gulf  and  the  Great  Lakes.  Last  November  the 
Department  of  Health  and  Sanitation  was  established  under  the 
direction  of  Lieutenant-Colonel  P.  S.  Doane.  He  contemplates, 
as  soon  as  he  can,  placing  a  sanitary  engineer  in  each  of  these  ship- 
ping districts.     The  work  has  the  following  three  objects: 

1.  The  actual  condition  of  the  yards,  to  see  that  there  is  nothing 
which  may  create  sickness  among  the  men. 

2.  The  environment  and  conditions;  to  see  that  health  conditions 
in  the  towns  where  the  men  live  are  good. 

3.  To  see  what  the  local  and  state  health  departments  are  doing 
and  where  they  can  be  assisted. 
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The  work  taken  up  by  this  Department  of  Health  is  first  medical 
and  concerns  accidents.  It  promotes  the  establishment  of  small 
hospitals  and  dressing  rooms,  with  nurses  and  doctors  in  attendance. 
In  some  yards  there  are  physical  examinations  of  the  men  to  see 
that  they  are  not  likely  to  bring  disease  into  the  yard.  Cases  of 
iUness  are  followed  into  the  homes,  to  be  certain  they  are  handled 
a;  wisely  as  possible. 

The  next  thing  is  sanitation,  and  the  methods  can  be  best  ex- 
plained by  examples  of  conditions  in  some  of  the  western  yards. 
In  Washington,  Oregon  and  California  there  are  about  50  ship- 
yards. In  Washington  and  Oregon  there  has  been  a  tremendous 
increase  in  the  lumber  activities.  Many  towns  in  these  states  have 
gone  as  far  as  25  miles  distant  to  get  their  water  supplies.  They 
now  find  themselves  suddenly  faced  with  the  danger  resulting  from 
camps  of  400  to  500  men  on  the  drainage  areas,  which  are  very  likely 
to  make  trouble  with  their  water  supplies.  In  some  of  the  yards  of 
California,  the  mosquito  problem  is  very  important.  In  the  yaids 
near  the  city  of  Los  Angeles  last  summer  it  was  necessary  to  main- 
tain smudges  to  keep  off  the  mosquitoes.  Work  has  already  been 
started  on  that  problem.  We  find  many  instances  where  the 
Federal  Government,  in  its  effort  to  maintain  healthful  conditions 
at  the  shipping  yards,  can  eflfectively  cooperate  with  the  local  au- 
thorities. In  some  parts  of  the  West  where  fishing  is  carried  on 
extensively,  there  is  a  great  fly  problem  and  flies  are  not  only  thick 
enough  te  be  a  nuisance,  but  in  the  restaurants  and  eating  places  a 
real  danger.  Many  of  the  ship  yards  located  at  a  considerable 
distance  from  restaurants,  have  had  te  furnish  their  own  lunch 
rooms  and  some  of  them  have  not  yet  developed  their  sanitary 
systems  suflSciently  to  meet  the  fly  problem. 

The  department  of  health  and  sanitation  goes  into  the  matter  of 
housing.  It  does  not  have  jurisdiction  over  additional  new  houses 
but  takes  up  the  question  of  sanitation  in  existing  houses.  For 
instance  near  some  of  the  large  works  in  San  Francisco  the  lodging 
houses  near  the  ship  yards  are  not  properly  maintained  and  the 
men  can  not  get  proper  lunches.  The  city  and  state  departments 
of  health  feel  that  with  the  cooperation  of  the  Emergency  Fleet 
Corporation  improvements  of  a  permanent  nature  can  be  accom- 
pUshed.  The  question  of  light  and  heat  also  comes  into  the  field 
of  the  department  of  health  and  sanitation. 
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SANITARY  ASPECT  OF  THE  WATER  SUPPLIES  AT  THE 
ARMY  CANTONMENTS^ 

By  Lieutenant-Colonel  James  T.  B.  Bowles,  N.A. 

One  of  the  duties  of  the  Sanitary  Corps  has  been  the  supervision 
of  the  quaUty  of  water  supplies  at  the  various  cantonments. 

The  water  requirements  of  the  cantonments,  both  from  the  stand- 
point of  quality  and  quantity,  have  been  anticipated  by  the  Canton- 
ment Division  of  the  Quartermaster  Corps  remarkably  well.  No 
source  has  been  so  inadequate  that  there  was  such  danger  of  shortage 
that  it  had  to  be  supplemented  by  additional  sources; — ^no  source  was 
questionable  from  the  sanitary  standpoint  to  the  extent  that  its  use 
was  prejudicial  to  health. 

In  the  development  of  the  water  supplies,  purity  was  not  lost  sight 
of.  Construction,  Quartermasters  at  the  various  cantonments  were 
given  blanket  authority  to  purchase  chlorinators.  This  was  done  in 
practically  all  cases,  either  one  or  more  chlorinators  being  installed. 

The  development  of  supplies  for  the  cantonments  has  been  along 
the  following  lines: 

(a)  Purchase  of  water  from  municipalities  where  the  camp  was 
located  within  a  reasonable  distance  from  city  and  where  the  munici- 
pal plant  had  facilities  to  assume  the  additional  load. 

(b)  Development  of  a  special  supply, — a  ground  water  supply 
where  there  was  knowledge  of  water  bearing  strata,  and  where  the 
cost  of  obtaining  it  was  not  prohibitive. 

(c)  Lastly,  development  of  surface  supplies,  supplemented  by  a 
purification  process  where  necessary. 

Of  31  National  Army  and  National  Guard  camps,  18  are  supplied 
with  water  from  municipal  systems.    Twelve  of  these  are  surface 

I  'Termission  to  publish  the  inclosed  article,  entitled  'Sanitary  Aspect 
of  the  Water  Supplies  at  the  Army  Cantonments, '  by  Lieutenant  Colonel 
James  T.  B.  Bowles,  is  granted  as  requested. 
'*By  direction  of  the  Surgeon  General: 

Jambs  W.  Van  Dusen, 

Colonel f  Medical  Corps,  N,  A." 
Presented  at  the  annual  convention  at  St.  Louis,  May,  1918 
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supplies,  demanding  such  purification  as  will  insure  at  all  times  a 
clear,  colorless  and  sanitary  water.  Six  are  ground  waters,  re- 
quiring no  purification,  with  possible  exception  of  chlorination  more 
as  a  prophylactic  than  a  necessity.  Most  of  these  mimicipal  S3rstems 
have  been  found  amply  large  enough  to  assume  the  demands  of 
additional  consumption  without  increased  plant  development. 

Fourteen  suppUes  were  developed  by  the  Cantonment  Division; 
only  three  of  these  were  surface  suppUes. 

One  of  these  surface  supplies  utilizes  water  from  a  sparsely  inhabited 
water  shed,  and  as  a  sanitary  precaution  no  other  purification  is 
necessary  than  chlorination.  The  other  two  are  from  polluted 
streams  and  require  purification. 

Of  the  ground  water  supphes  developed,  none  required  purification 
other  than  chlorination. 

In  the  case  of  the  western  camps,  where  ground  waters  are  used, 
softening  for  boUer  and  laundry  purposes  has  been  considered 
advantageous. 

Supervision  of  quality  of  water  has  been  conducted  on  the  following 
lines: 

(a)  Inspection  of  municipal  plants. 

(b)  Arrangements  whereby  frequent  bacteriological  examinations 
of  all  sources  could  be  made. 

The  inspection  of  municipal  plants  revealed  many  interesting  con- 
ditions. In  many  cases  a  modern  up-to-date  plant,  supervised  by 
live  officials  with  a  sense  of  the  necessity  of  pure  and  wholesome  water; 
but  in  too  many  cases,  plants  operating  with  a  low  margin  of  safety, 
and  imder  the  control  of  operators  who  had  little  knowledge  of  the 
kind  of  water  the  plant  was  turning  out. 

The  inspection  resulted  in  either  assisting  the  city  to  secure  com- 
petent men  to  supervise  operation  or  to  make  arrangements  whereby 
an  officer  of  the  Sanitary  Corps  would  assimie  responsibility  for  the 
quality  of  the  water. 

Some  authorities  gladly  and  willingly  cooperated  in  carrying  out 
the  improvements  and  changes  reconmiended.  Others  reluctantly 
admitted  that  the  quality  of  their  water  supply  was  not  above  sus- 
picion. This  latter  class  was  usually  the  short-visioned,  non-in- 
formed type  of  citizen,  whose  ideal  of  the  best  fulfillment  of  his  posi- 
tion was  in  keeping  a  tight  clutch  on  the  purse-strings. 

From  the  beginning  of  the  cantonment  activities,  an  effort  was 
made  to  secure  accurate  bacteriological  data  concerning  the  various 
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supplies.  Prior  to  any  definite  knowledge  of  the  potability  of  these 
supplies,  it  was  assumed  that  they  were  all  more  or  less  polluted, 
or  at  least  there  was  potential  pollution  and  facilities  for  chlorination 
were  installed. 

In  this  the  department  had  the  cooperation  of  the  manufacturers  of 
the  apparatus  for  applying  Hquid  chlorine,  who  gave  prior  consider- 
ation to  all  Government  orders.  Analyses  were  made  at  the  Army 
Medical  School,  Washington,  D.  C,  and  the  Departmental  Labora- 
tories of  the  U.  S.  A.;  by  the  Red  Cross  Units  and  the  Public  Health 
Service,  and  at  the  base  hospital  laboratories  connected  with  the 
various  camp  hospitals. 

In  the  early  period  of  the  camps,  semi-weekly  samples  were  col- 
lected and  forwarded  by  express  or  mail  to  the  nearest  Government 
laboratory.  Where  the  results  of  the  analyses  showed  contamination, 
the  camps  were  inunediately  informed  by  telegraph.  The  means  of 
protection  was  chlorination,  and  where  this  was  not  possible  an  order 
was  issued  to  boil  all  drinking  water. 

In  the  extra-cantonment  areas,  the  U.  S.  Public  Health  Service 
included  examination  of  water  suppUes  in  their  routine  work.  This 
was  of  great  assistance  in  checking  up  the  operation  of  municipal 
supplies.  A  great  many  of  these  municipaUties  had  no  analytical 
data  on  their  water  supplies;  furthermore  there  seemed  to  be  no 
tendency  on  the  part  of  the  various  State  Boards  of  Health  to  exercise 
supervision  or  control.  Where  analytical  data  were  available  the 
interpretation  corresponded  to  numerous  and  varied  standards. 

The  standard  of  the  Treasury  Department  as  applied  to  interstate 
carriers  was  early  adopted  as  the  standard  of  water  supplied  to  the 
cantonments. 

In  the  early  period  of  the  camps,  considerable  apprehension  was 
caused  by  the  results  of  the  analytical  tests,  which  in  many  cases 
indicated  gross  pollution.  This  could  be  accounted  for  only  as  a 
result  of  construction.  This  pollution  was  in  most  cases  temporary 
and  gradually  disappeared  with  continued  use  of  wells  and  distri- 
bution systems. 

Since  the  base  hospital  laboratories  have  been  equipped,  bacteri- 
ological analyses  of  water  are  now  a  part  of  the  daily  routine. 

The  results  of  sanitary  water  and  typhoid  prophylaxis  have  re- 
sulted in  a  remarkably  small  number  of  cases  of  typhoid  and  related 
diseases  among  the  troops  at  the  camps.    From  September  14  to 
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April  26,  there  have  been  123  cases  of  typhoid  with  seven  deaths,  315 
cases  of  dysentery  with  one  death. 

What  quota  of  these  cases  is  attributable  to  water  it  is  impossible 
to  say. 

Several  of  the  typhoid  cases  developed  in  the  early  part  of  Septem- 
ber and  may  have  had  their  origin  in  civilian  communities. 

In  conclusion  the  author  would  state  that  liberal  application  of 
chlorine,  with  close  laboratory  control  and  supervision,  has  resulted 
in  a  pure  and  wholesome  water  being  supplied  to  the  camps  at  all 
times. 
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LOSS  OF  HEAD  IN  CORPORATION  COCKS  AND  SERVICE 

PIPES^ 

Bt  Bernabd  J.  Blejstein 

Several  years  ago  a  series  of  tests  was  made  by  the  Bureau  of 
Investigation  and  Design  of  the  Department  of  Water  Supply,  Gas 
and  Electricity,  New  York  City,  to  determine  the  losses  of  head  in 
corporation  or  service  cocks  and  service  pipes.  The  results  of  these 
tests  may  prove  of  value  to  the  water  works  profession,  particularly 
the  tests  of  corporation  cocks,  there  being  very  little  data  available 
on  that  subject.  All  sizes  in  use  by  the  department  at  that  time 
were  tested.  Of  the  two  largest  sizes  four  of  each  t3rpe  were  tested 
and  of  the  smaller  sizes,  two  of  each  t3rpe.  Of  the  lead  and  gal- 
vanized service  pipes  four  lengths  of  each  size  about  15  feet  long 
were  tested. 

The  observations  were  very  carefully  made,  the  losses  being 
measured  by  mercury  deflections,  and  the  discharges  by  a  2-inch 
meter  of  the  current  type.  This  t3rpe  was  selected  rather  than  a 
meter  of  the  disc  type,  as  the  flow  through  the  latter  caused  con- 
siderably more  vibration  and  fluctuations  of  the  mercury  deflections 
than  a  meter  of  the  current  t3rpe.  The  same  meter  was  used  during 
the  entire  series.  It  was  rated  on  a  testing  machine  at  the  beginning 
and  end  of  the  tests,  the  exact  discharge  at  the  various  rates  being 
determined  by  weighing. 

The  corporation  cocks  were  inserted  in  a  length  of  12-inch  cast 
iron  pipe,  capped  and  plugged  at  the  ends,  by  a  tapping  machine 
in  the  usual  manner.  The  main  was  connected  to  a  fire  hydrant 
through  the  plugged  end  by  means  of  a  short  piece  of  4-inch  gal- 
vanized iron  pipe.  The  cocks  were  set  about  a  foot  apart,  the  2- 
inch  cocks  being  set  nearest  the  capped  end  of  the  pipe  in  order  to 
eliminate  any  uncertainties  due  to  swirls  at  the  high  rates  of 
flow. 

New  lead  pipe  of  a  size  corresponding  to  the  size  of  the  corporation 
cock  and  of  double  A  weight  was  connected  to  the  tail  piece  with  the 

^  Read  before  the  St.  Louis  ConyentioD,  May  16,  1918. 
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usual  form  of  wiped  joint.  The  meter  with  a  control  valve  at  the 
outlet  end  was  connected  to  the  other  end  of  the  lead  pipe.  The 
galvanized  pipe  was  connected  in  a  similar  manner.  Both  the  lead 
and  the  galvanized  iron  pipe  were  of  the  usual  conunercial  sizes, 
the  galvanized  being  of  standard  weight.  The  lengths  were  selected 
at  random  from  a  large  stock.  The  lead  pipe  was  handled  more 
carefully  than  such  pipe  is  usually  handled  in  order  to  prevent 
denting  or  needless  bending  of  the  pipe. 

In  measuring  the  losses  through  the  corporation  cocks,  a  U-tube 
partly  filled  with  mercury  was  used.  One  leg  was  connected  by 
means  of  rubber  tubing  to  a  ^-inch  opening  in  the  top  of  the  main, 
and  the  other  to  a  t^-inch  opening  in  the  wall  of  the  lead  pipe  one 
foot  from  the  end  of  the  tail  piece.  The  rubber  tubing  and  the 
upper  half  of  the  U-tube  were  completely  filled  with  water.  The 
loss  measured  included  the  velocity  head,  entrance  head,  and  the 
frictional  losses  through  the  cock  and  1  foot  of  lead  pipe.  This 
total  loss  was  high,  and  at  the  high  rates^of  flow  it  was  necessary 
to  connect  three  tubes  in  series,  the  loss  being  the  sum  of  the  deflec- 
tions in  each  tube. 

The  losses  in  the  pipe  were  measured  in  a  similar  manner,  the 
two  legs  of  the  U-tube  being  connected  to  t^-inch  openings,  2  and 
4  feet  apart.  Tee  connections  were  provided  at  the  different  open- 
ings and  it  was  thus  possible  to  measure  the  losses  in  the  corpora- 
tion cock  and  the  various  sections  of  each  length  simultaneously. 
The  sum  of  the  losses  in  the  various  sections  was  used  in  computing 
the  unit  loss  for  each  length. 

Some  difficulty  was  experienced  at  first  in  preventing  the  forma- 
tion of  a  burr  on  the  inside  surface  of  the  lead  pipe  in  drilling  the 
holes  through  which  the  pressures  were  transmitted.  This  was 
finally  overcome  by  punching  the  holes  through  the  walls  from  the 
inside  in  the  following  manner:  Two  |-inch  holes  were  drilled 
partly  through  the  walls  of  the  pipe  on  points  diametrically  opposite, 
and  one  of  them  continued  as  a  A-i»^ch  through  the  wall.  By  insert- 
ing a  piece  of  solid  drill  rod  through  this  opening,  the  opposite  wall 
was  punched  through,  leaving  the  inside  surface  quite  smooth. 
The  burr  around  the  inside  of  the  drilled  hole  was  removed  as  much 
as  possible  with  a  special  tool,  and  the  hole  plugged  up  and  soldered. 
After  the  tests  were  completed,  the  pipe  was  cut  open  at  each  of 
the  holes  and  the  inside  surface  examined.  In  only  two  cases  was  a 
burr  found  and  in  both  it  was  very  slight. 
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A  single  t^-inch  hole  was  drilled  through  the  wall  of  the  galvanized 
iron  pipe  at  each  pressure  point,  using  a  high  speed  drill.  A  small 
burr  was  formed  but  no  attempt  was  made  to  remove  it,  it  being 
felt  that  this  burr  would  not  affect  the  results  materially  as  the 
inside  surface  was  alreadj'^  quite  rough. 

In  taking  the  readings  three  observers  were  used,  one  to  read  the 
meter,  the  others  to  note  the  U-tube  deflections.  At  each  rat«  of 
flow  a  sufficient  quantity  of  water  was  allowed  to  pass  so  that  the 
dial  hand  on  the  meter  made  a  complete  revolution.  In  this  way 
any  errors  due  to  eccentricities  of  the  dial  hand  or  inaccuracies  in  the 
graduations  were  eliminated.  The  time  was  taken  with  an  ordi- 
nary watch,  readings  being  taken  to  the  nearest  half  second.  As 
the  total  time  for  any  individual  test  was  never  less  than  two  min- 
utes, the  resulting  error  was  probably  less  than  1  per  cent.  A  stop 
watch  was  tried  but  failed  to  give  satisfactory  results  as  it  did  not 
always  start  on  being  released.  The  deflections  were  read  at  15 
second  intervals,  the  readings  being  taken  to  the  nearest  A  inch. 
As  no  deflection  was  less  than  I  inch  and  at  least  eight  readings  for 
each  rate  were  taken,  the  resulting  error  is  probably  also  well  within 
1  per  cent.  The  mercury  in  the  tubes  fluctuated  slightly,  due  to 
changes  of  pressure  in  the  main,  but  these  fluctuations  were  never 
more  than  2  per  cent  of  the  total. 

After  a  sufficient  number  of  tests  had  been  made  on  each  length, 
the  unit  losses  at  the  observed  rates  of  flow  were  computed,  1  inch 
of  mercury  deflection  being  equivalent  to  1.047  feet  of  water.  These 
values  were  substituted  in  the  Williams  &  Hazen  formula, 

v  =  c  r  o-^^  s  0.64  0.001-®"* 

and  the  average  value  of  c  for  each  length  obtained.  From  these 
the  average  value  of  c  for  each  size  was  computed.  The  values  of 
c  for  the  same  section  of  pipe  at  different  rates  of  flow  showed  vei*y 
little  variation,  the  extreme  varying  not  more  than  3  per  cent  from 
the  average.  For  different  sections  of  the  same  length  of  pipe, 
however,  the  variation  was  considerable,  even  in  the  case  of  the 
lead  pipe.  Table  1  shows  the  average  value  of  c  obtained  from  these 
tests,  the  range  in  the  value  of  c  for  different  sections  of  the  different 
lengths,  and  the  range  in  the  average  value  for  the  different  lengths. 
The  diameters  given  are  those  ordinarily  used  in  connection  with 
lead  and  galvanized  iron  pipe,  and  are  not  the  measured  diameters 
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of  the  actual  lengths  tested.     Unfortunately  the  actual  diameters 
are  not  available.    The  greatest  variation  would  be  expected  in  the 

TABLE  1 
Results  of  tests  on  lead  and  galvanized  iron  pipe 


BAKOB  OP 
DISCHABOS 


RANOB  IN  VALUB  OF  C 


2  ft.-4  ft. 

lengths 


15ft.  lengths 


Lead 

pipe 

inehg$ 

ineh4» 

gaUontper 
minuie 

0.50 

2-16 

130-155 

144-150 

148 

0.625 

2-22 

140-165 

147-157 

152 

0.75 

5-50 

120-148 

124r-143 

137 

1.00 

10-80 

121-140 

131-138 

134 

,  u 

1.50 

20-200 

120-149 

138-143 

139 

2 

2.00 

60-300 

140-170 

157-162 

160 

Galvanized 

iron  pipe 

i 

0.623 

2-18 

78-110 

92-97 

94 

! 

0.824 

5-50 

88-125 

97-104 

101 

1 

1.048 

10-80 

100-125 

106-110 

109 

li 

1.611 

20-200 

95-115 

101-105 

103 

2 

2.067 

60-270 

80-125 

98-103 

101 

galvanized  pipe.  Subsequently  four  lengths  of  each  size  of  the  gal- 
vanized pipe  were  measured  by  filling  with  water  and  the  average 
diameter  computed,  with  the  result  shown  in  table  2. 

TABLE  2 
Actual  inside  diameter  of  galvanized  iron  pipe,  in  inches 


SUB 

PZPB  A 

PIPB  B 

PlPB  C 

PIPB  D 

AVBBAOB 

i 

0.649 

0.642 

0  633 

0.622 

0    636 

I 

0.845 

0.839 

0.834 

0.830 

0.837 

1 

1.062 

1.064 

1.050 

l.a53 

1.057 

u 

1.612 

1.600 

1.618 

1.605 

1.600 

2 

2.080 

2.075 

2.071 

2090 

2.079 

The  J-inch  pipe  shows  the  greatest  difference.  If  the  same  dif- 
ference had  prevailed  in  the  pipe  upon  which  the  loss  of  head  tests 
were  made  and  the  actual  diameters  had  been  used  in  the  computa- 
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tions,  the  effect  would  have  been  to  reduce  the  values  of  c  somewhat. 
In  the  case  of  the  ^-inch  this  would  have  meant  a  reduction  of  4 
per  cent.  However,  as  it  is  usually  quite  difficult  to  measure  the 
diameters  accurately,  values  of  c  computed  on  the  basis  of  the 
standard  diameters  would  be  of  the  greater  value. 

Figures  1  and  2  show  the  curves  that  were  obtained  for  the  various 
sizes  of  lead  and  galvanized  iron  pipe,  respectively.  They  have 
been  plotted  to  a  logarithmic  scale  in  order  that  they  may  appear 
as  straight  lines,  and  be  therefore  more  easily  comparable  with  one 
another.  The  points  that  have  been  indicated  are  the  values  for  the 
different  sections  from  2  to  4  feet  long,  and  indicate  the  variations 
in  the  different  parts  of  the  same  length.  For  the  lead  pipe,  curves 
have  been  added  in  which  c  has  a  value  of  120  and  160;  and  similarly 
for  the  galvanized  pipe,  curves  in  which  c  has  a  value  of  80  and  120. 

TABLE  3 
Values  of  c,  coefficient  oj  discharge ^  of  corporation  cocks 


VBLOcrrr  in  fbbt  pbb  sbcono 

USB 

TAIL  PIBCB,  ANOLB 

10 

30 

inch— 

i9gre€9 

i 

45 

0.433 

0.467 

f          { 

45 

0.496 

0.500 

90 

0.367 

0.388 

'     ( 

45 

0.433 

0.443 

90 

0.380 

0.408 

■      { 

45 

0.445 

0.445 

90 

0.478 

0.478 

"     ( 

45 

0.577 

0.590 

90 

0.567 

0.548 

li*         ( 

45 

0.351 

0.298 

90 

0.300 

0.322 

^      { 

45 

0.459 

0.467 

90 

0.433 

0.431 

.     { 

45 

0.306 

0.326 

90 

0.292 

0.308 

Strainer. 


Digitized  by  VjOOQIC 


ri'-^ 


ft: 


J 


-1-  ■ 


-4-» 


W- 


ZJ-- 


-'-4- 


i  nO  'I      I 


=  'I    1  ■  t      /   1     I 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


LOS8  OF  HEAD  IN  CORPORATION  COCKS 


245 


Figure  3  shows  some  typical  sections  and  table  7  the  principal 
dimensions  of  the  various  sizes  and  styles  of  corporation  cocks  that 
were  tested.  Cocks  with  strainers  or  eel  guards  are  no  longer  used 
by  the  department.  They  clogged  up  more  quickly,  and  were  more 
difficult  to  blow  out  than  the  cocks  without  the  guards. 

TABLE  4 
Lengths  of  lead  service  pipe  having  same  resistance  to  flow  as  corporation  cocks 


». 

TAIL  niCB,  ANOLB 

KAKGB  OF  DiaCHABOB 

COBBBBPONDDfO 

KANGB  OF  BQUIYALBNT 

Z^NOTH  OF  LBAD 

PIPB 

inches 

iegrtea 

gaXUm9  per  minuU 

/••« 

i 

45 

3.5-  22.5 

3.86-  4.70 

'     { 

45 
90 

6.0-  35.0 
5.0-  35.0 

4.9fr-5.94 
6.24-  7.54 

J          { 

45 
90 

8.0-50.0 
7.0-50.0 

5.67-7.17 
6.65-  7.72 

1           1 

45 
90 

14.0-100.0 
16.0-100.0 

7.47-  9.91 
7.0O-  9.23 

ij          { 

45 
90 

70.0-250.0 
70.0-250.0 

.  10.00-12.38 
10.22-13.52 

ij*         { 

45 
90 

30.0-160.0 
25.0-180.0 

14.10-23.45 
18.20-21.45 

2                   \ 

45 
90 

60.0-400.0 
60.0-400.0 

22. 60-28. 50 
22.95-31. 10* 

o*                  J 

45 
90 

80.0-350.0 
80.0-300.0 

34.00-40.00? 
36.00-40.75. 

*  Strainer. 

Figure  4  shows  the  curves  obtained  for  the  corporation  cocks* 
They  have  also  been  plotted  to  a  logarithmic  scale.  The  losses 
shown  include  the  velocity  head,  entrance  head,  and  the  frictional 
loss  in  the  cock.  The  velocity  head  curves  for  the  different  sizes 
have  also  been  plotted. 

It  will  be  noted  that  with  one  exception,  the  losses  through  the 
cocks  with  90  degree  tail  pieces  are  larger  than  those  with  45  degree 
tail  pieces,  the  difference  being  greater  for  the  smaller  sizes.  The 
addition  of  a  strainer  or  eel  guard  practically  doubles  the  loss. 
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The  relation  between  the  loss  in  the  corporation  cock  and  the 
velocity  head  may  be  expressed  by  the  formula  C  =  H/P,  in  which 

TABLES 

Pressure  in  street  mains  in  pounds  per  square  inch  required  to  Qive  the  tabulated 
discharge  through  a  corporation  cock  and  SO  feet  of  lea  I  service  pipe 


DIAMBTSB  OF  LEAD  PIPB,  WITH  BXBVXCB  COCK  BISBS  BBLOW 

2  inch 

Uinch 

1  inch 

linch 

1 

FLOW 

— 

M 

1 

1 

j3 

1 

1 

inch 
inch 

M 

a 

1 

1 

1 

M 

1 

1 

O 

a 

M 

* 

-^ 

* 

— 

— 

•^ 

* 

— 

«•• 

«•• 

- 

••• 

— 

- 

gaUcnaper 
minute 

5 

2 

2 

3 

10 

5 

6 

10 

15 

3 

4 

5 

11 

12 

23 

20 

5  .. 

5 

5 

6 

9 

18 

21 

38 

25 

3 

7  .. 

4 

8 

8 

10 

14 

28 

32 

54 

30 

5 

11  .. 

2 

5 

12 

11 

14 

20 

39 

46 

40 

3 

8 

19  2 

3 

4 

10 

21 

18 

24 

35 

69 

80 

50 

4 

13 

30  4 

5 

7 

15 

32 

28 

37 

54 

60 

3 

6 

18 

43  5 

7 

9 

22 

47 

39 

51 

76 

70 

4 

8 

25 

63  7 

9 

13 

30 

68 

52 

69 

80 

5 

10 

33 

..   9 

11 

17 

40 

68 

90 

3 

3 

6 

13 

42 

•  .  12 

14 

21 

52 

100 

3 

4 

4 

7 

16 

51 

..  14 

17 

26 

125 

5 

6 

7 

12 

25 

77 

..  22 

27 

40 

150 

8 

9 

10 

17 

36 

..  30 

38 

57 

175 

10 

12 

13 

23 

49 

..  41 

51 

77 

200 

13 

16 

17 

29 

62 

..  52 

65 

225 

17 

20 

21 

37 

..  65 

250 

20 

24 

2.5 

45 

275 

24 

29 

30 

55 

300 

29 

35 

36 

64 

•  With  strainer. 

H  is  the  velocity  head,  and  P  the  total  loss  as  measured  by  the 
vU-tube  minus  the  loss  through  the  1  foot  of  lead  pipe.  The  value 
of  C  is  not  a  constant,  being  in  general  higher  for  the  larger  values 
of  H.  The  loss  P  also  represents  the  pressure  required  to  produce 
the  velocity  head  H,  hence  C  is  equal  to  the  coeflScient  of  discharge. 
Table  3  gives  the  values  of  C  as  computed  from  the  curves  on 
£gure4. 
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The  relation  between  the  losses  in  the  corporation  cocks  and  the 
losses  in  pipe  can  be  shown  by  computing  the  length  of  lead  pipe 
of  a  size  corresponding  to  the  size  of  the  cock,  in  which  the  loss 
would  be  the  same.  This  equivalent  length  is  not  a  constant,  being 
greater  for  the  higher  rates  of  flow  and  for  the  larger  cocks.  Table 
4  gives  the  range  in  the  values  of  this  length  for  the  various  sizes 
and  rates  of  flow  indicated. 

The  values  at  other  rates  than  those  indicated  may  be  obtained  by 
direct  proportion  without  material  error. 

TABLE  6 
Lo88  of  head  in  pounds  per  squire  inch  in  10  feet  of  lead  pipe;  velocity  head  not 

included 


GALLONS 
PBB  MINDTB 

linoh 

f  iDoh 

linoh 

\\  inch 

2  inch 

5 
10 
15 

20 
25 
30 

1 

2 

6 

10 

14 

2 
3 
5 
8 
11 
18 

1 

2 

3 

5 

7 

10 

13 

17 

1 
2 

2 

3 

3 

5 

7 

10 

12 

15 

40 

50 

60 

70 

80 

90 

100 

125 

150 

1 

175 

2 

200 

2 

225 

3 

250 

3 

275 

4 

300 

5 

' 

Tables  5  and  6  were  prepared  from  the  results  of  these  tests  and 
have  been  found  to  be  quite  useful.  Table  5  gives  the  pressures 
required  on  the  street  main  in  pounds  per  square  inch  to  discharge 
through  the  various  combinations  of  corporation  cocks  and  service 
pipes,  the  rates  of  flow  indicated.  The  figures  are  also  equivalent 
to  the  difference  in  pressure  between  the  street  main  and  the  end 
of  the  service  pipe  when  discharging  into  the  house  plumbing  under 
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pressure.  The  length  of  the  service  pipe  has  been  taken  as  30  feet. 
Table  6  gives  the  loss  through  10  feet  of  lead  pipe.  From  these 
two  tables  the  pressure  required  for  any  length  of  lead  service 
can  be  readily  computed. 

TABLE  7 
Dimensions  of  various  sizes  of  corporation  cocks  illustrated  in  figure  S 
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PRESIDENT'S  ADDRESS^ 

By  Major  Theodore  A.  Leisen 

Conditions  during  the  past  year  have  been  abnormal  and  as  a 
natural  sequence,  the  affaire  of  the  Association  to  a  certain  extent 
have  been  affected  thereby.  For  this  reason,  it  is  not  possible  to 
expatiate  upon  any  extraordinary  achievements  or  record-breaking 
accomplishments  as  a  result  of  the  year's  progress.  That  we  have 
held  our  own  so  well  financially  and  in  membership  is  ample  reason 
for  congratulation  and  is  testimony  of  a  healthy,  stable  existence. 

If  a  brief  reference  may  be  permitted  to  the  internal  dissensions 
which  characterized  the  last  annual  meeting,  it  can  be  stated 
that  the  storm  clouds  which  then  hovered  over  the  Association's 
affairs — fraught  for  a  time  with  a  menace  of  serious  disaster — 
appear  to  have  cleared  away,  and  the  hope  is  sincerely  expressed 
that  now  and  in  future,  all  personal  feelings  will  be  suppressed  in 
the  interests  of  that  spirit  of  universal  cooperation  and  service  with- 
out which  this  Association  cannot  expect  to  attain  and  maintain 
the  purposes  for  which  it  was  formed,  and  which  all  members  who 
have  the  interests  of  the  Association  at  heart  so  earnestly  desire. 

The  revision  of  the  Constitution  is  one  of  the  most  important 
matters  which  is  now  before  the  Association,  and  some  of  the  amend- 
ments as  finally  concurred  in  by  the  Conmiittees,  it  is  believed,  will 
have  a  tendency  to  insure  smoother  operation  in  the  affairs  of  the 
Association,  and  eliminate  or  reduce  undue  friction,  if  the  amend- 
ments are  adopted.  The  amendments  involved  have  received  very 
careful  consideration  by  both  the  Committee  on  Revision  of  the 
Constitution  and  by  the  Executive  Committee,  arid  the  results  were 
placed  before  the  membership  in  ample  time  to  permit  a  thorough 
understanding  of  the  questions  at  issue  before  the  matter  is  brought 
to  a  vote. 

At  no  time  in  the  history  of  the  comitry  has  the  necessity  for  the 
beneficial  influence  of  national  associations  been  more  vital  to  their 
membership  than  during  the  existing  crisis  and  this  is  particularly 

^  Read  at  the  St.  Louis  Convention,  May  15,  1918. 
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so  in  connection  with  those  representing  pubUc  utihties  in  general 
and  public  water  supplies  in  particular. 

One  of  the  principal  lines  of  service  which  this  Association  should 
endeavor  to  render  at  this  time  to  that  large  portion  of  its  member- 
ship who  represent  directly  or  indirectly  the  management  of  water 
works,  is  cooperative  assistance  through  proper  channels  in  obtain- 
ing fuel  and  other  commodities  essential  to  the  continuous  and 
eflScient  operation  of  the  plants.  The  first  move  in  this  direction 
was  the  affiliation  with  the  National  Committee  on  Gas  and  Electric 
Service,  and  was  productive  of  considerable  good,  but  there  was  an 
apparent  lack  of  effort  to  take  full  advantage  of  this  committee's 
faciUties  and  services,  or  much  better  results  might  be  recorded. 
Other  steps  tending  to  effect  these  results  are  now  under  contem- 
plation and  it  is  hoped  that  the  combined  efforts  along  these  lines 
will  afford  marked  relief  in  obtaining  prompt  deliveries  of  coal  and 
other  suppUes  to  all  water  works  administrations. 

Despite  certain  handicaps  which  hampered  some  of  the  work 
during  the  past  year,  the  activities  of  the  Association  as  depicted  by 
the  official  Journal  have  not  fallen  below  the  average  standard  of 
other  years,  but  a  still  higher  standard  is  attainable  and  it  sh  uld 
be  the  earnest  effort  of  every  individual  member  to  strive  unremit- 
tingly for  that  goal. 

There  are  many  other  questions  to  which  it  would  be  possible  to 
refer,  but  the  crowded  condition  of  the  program  offers  an  excellent 
excuse  for  condensing  this  address,  and  the  over-burdened  status 
of  my  position  at  this  particular  time  affords  an  even  better  one  for 
not  inflicting  on  the  members  a  prolonged  statement  or  discussion 
of  matters  with  which  they  are  already  familiar. 

In  conclusion,  I  desire  to  express  my  sincere  gratitude  to  th^ 
Association  for  the  confidence  shown  and  for  the  honor  conferred 
in  electing  me  to  the  Presidency,  and  to  offer  my  apologies  for  not 
having  given  to  the  affairs  of  the  Association  the  full  measure  of 
attention  which  the  position  of  president  demands.  For  the  major 
portion  of  the  year,  it  has  been  a  question  of  service  to  the  Associa- 
tion or  service  to  the  Government,  and  what  I  was  able  to  give  was 
devoted  to  the  latter,  to  the  detriment  of  the  Association's  affairs. 
The  committees  have  mostly  performed  excellent  service,  and  their 
good  work  was  in  marked  contrast  to  the  dehnquency  of  your 
President. 
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HISTORY  OF  THE  ARTESIAN  WATER  SUPPLY  AT 
SAVANNAH,  GEORGIA^ 

By  E.  R.  Conant 

Savannah,  the  county  seat  of  Chatham  Ck>imty,  Ga.,  has  a  popu- 
lation of  80,000.  The  county  is  in  the  eastern  section  of  the  coastal 
plane,  and  has  an  area  of  370  square  miles.  Savannah  is  18  miles 
from  the  sea  coast  and  is  on  the  south  bank  of  the  Savannah  River, 
and  the  elevation  of  the  city  above  sea  level  ranges  from  14  to  40  feet. 

Historical,  Previous  to  1854,  when  the  city  had  a  population  of 
15,000,  the  domestic  supply  was  obtained  from  wells  ranging  in 
depth  from  15  to  30  feet.  They  were  of  the  ordinary  circular  type 
lined  with  stone  or  brick,  and  ordinary  hand  pitcher  pumps  were 
placed  at  the  top  of  them.  The  city  maintained  these  wells  and 
pumps,  and  the  records  show  that  the  annual  expenditures  for  ob- 
taining a  ground  water  supply  by  maintaining  some  150  wells, 
ranged  from  $3000  to  $7000.  The  record)^  state  that  the  water  fur- 
nished was  soft  and  wholesome,  but  in  one  of  the  old  city  reports,  it 
was  stated  that  mulberry  trees  growing  anywhere  near  these  wells 
were  required  to  be  removed,  because  they  affected  the  purity  of  the 
water,  in  what  way  the  author  cannot  imagine. 

The  city  also  constructed  and  maintained  approximately  twenty 
large  brick  cisterns  imder  ground,  each  with  a  capacity  of  from  5000 
to  10,000  gallons,  which  were  kept  filled  for  fire  service  only.  These 
were  abandoned  many  years  ago,  but  the  author  in  paving  a  street 
recently  discovered  one  of  these  old  cisterns  and  after  opening  it  at 
the  top  foimd  it  to  be  partially  filled  with  clear  water,  and  there  was 
no  algae  growth  on  the  walls.  The  cistern  was  entirely  closed,  the 
water  entering  it  by  percolation  through  the  brick.  Unfortunately 
no  bacteriological  analysis  was  made  of  the  water  to  ascertain  whether 
it  was  potable. 

In  1851,  the  mayor  and  aldermen  engaged  the  services  of  A.  W. 
Craven,  chief  engineer  of  the  Croton  water  works,  New  York,  as 
consulting  engineer  to  design  a  project  for  obtaining  a  surface  water 

^  Read  at  the  St.  Louis  Conyention,  May  14,  1918. 
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supply  from  the  Savannah  River.  This  supply  was  put  in  operation 
in  1854,  and  the  author  found  in  one  of  the  old  reports  that  the  first 
Worthington  type  of  pumping  engine  was  installed  at  Savannah 
under  this  project.  Water  partially  filtered  was  taken  from  the 
Savannah  River  at  a  point  opposite  the  thickly  populated  portion  of 
the  city,  and  pumped  to  a  standpipe,  from  which  it  was  distributed 
by  mains  over  a  portion  of  the  city.  After  twenty  years  operation 
of  this  plant,  it  was  believed  that  the  health  conditions  of  the  city 
would  be  improved  if  the  intake  at  the  river  was  further  from  the 
city  proper,  and  a  new  pumping  station,  locally  known  as  the  river 
station,  was  constructed  at  a  point  Ij  miles  up  the  river,  and  this 
station  was  used  for  pumping  direct  from  the  river  until  1887,  when 
an  artesian  well  supply  was  adopted. 

Introduction  of  artesian  wells.  In  1879  the  mayor  of  the  city 
brought  up  the  question  of  the  possibility  of  obtaining  a  water  sup- 
ply by  boring  artesian  wells.  Little  was  known  of  artesian  wells  at 
this  date  and  for  a  number  of  years  the  city  authorities  were  skeptical 
of  obtaining  a  suitable  supply  by  this  method.  As  far  as  the  author 
can  learn  the  earliest  artesian  or  deep  well  in  Georgia  was  bored  in 
Savannah  in  1882,  and  the  boring  of  others  soon  followed,  as  they 
were  self-flowing  and  furnished  a  most  desirable  quantity  of  water. 
The  agitation  for  obtaining  an  artesian  well  supply  for  Savannah 
resulted  in  the  boring  of  several  wells,  and  at  the  end  of  1887, 15  wells 
had  been  bored  near  the  river  pumping  station  alluded  to  above,  and 
a  small  reservoir  was  constructed  into  which  the  water  from  the  wells 
entered  by  gravity,  and  the  city's  supply  was  obtained  from  these 
self -flowing  wells.  With  a  diminution  of  the  flow,  due  to  the  lowering 
of  the  static  head,  the  wells  failed  to  furnish  the  necessary  supply,  and 
to  make  up  the  deficiency  a  portion  of  the  supply  was  taken  from  the 
Savannah  River  and  temporarily  mixed  artesian  and  river  water  was 
used. 

Geological  data.  The  Atlantic  coastal  plane  reaches  from  New  York 
to  the  Florida  straits.  This  plane  is  underlaid  by  a  great  sediment  of 
superficial  deposits  consisting  of  gravel,  sand,  clay,  marl  and  loam, 
and  in  certain  localities  lime  rock  full  of  cavities  exists,  which  forms 
the  aquifer  into  which  the  water  pours  from  the  catchment  areas 
through  a  stratum  of  sand  beds,  which  have  a  general  seaward  dip. 
These  aquifers  form  valuable  underground  water  resoiu'ces.  Along 
the  coast  of  Georgia  there  is  a  strip  25  to  40  miles  wide  bordering  the 
coast  overlying  water-bearing  strata  or  aquifers  through  which  water 
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comes  from  a  catchment  area  located  from  80  to  100  miles  northwest 
of  this  coast  line.  The  character  of  the  water  obtained  from  the 
aquifer  along  the  Georgia  Coast  is  in  almost  every  instance  potable 
and  suitable  for  a  domestic  supply,  and  at  this  time  there  are  over 
1000  weUs  tapping  the  aquifer  in  this  state  alone.  The  direction  of 
the  flow  from  the  catchment  area  to  the  aquifer  at  this  locality  is  in  a 
southeastern  direction,  and  it  is  observed  that  the  interference  of  one 
well  over  another  is  less  when  they  are  bored  on  an  axis  perpendicular 
to  the  line  of  flow  than  where  they  are  promiscuously  bored,  as  was 
the  case  with  the  first  artesian  well  supply  at  the  river  pumping 
station,  above  referred  to. 

The  strata  penetrated  in  boring  artesian  wells  at  Savannah  consist 
of  250  to  300  feet  of  clay  with  interbedded  layers  of  marl  and  sands, 
and  under  this  from  220  to  250  feet  of  porous  limestone,  or  more 
strictly  speaking,  limestone  with  voids  or  cavities.  The  principal 
water-bearing  stratum  is  in  the  limestone.  Below  this,  for  300  to  360 
feet,  a  formation  of  marl  intermixed  with  some  shell  is  found  until  a 
shallow  stratum  of  flint  rock  is  struck  at  about  950  feet  below  the 
surface.  Below  this,  for  a  depth  of  50  feet,  is  another  water-bearing 
stratum  of  limestone  similar  to  the  upper  aquifer. 

Gwinnett  Street  pumping  station.  As  noted  above  the  supply  at  the 
river  station  was  insuflBcient  to  meet  the  needs  of  the  city,  and  in  1891 
a  new  project  was  adopted  for  supplying  it  with  artesian  water,  which 
project  at  the  time  was  one  of  the  most  carefully  planned  of  any  in  the 
country.  The  site  selected  for  the  new  pimiping  station  is  two  miles 
southeast  of  the  river  station,  well  within  the  corporate  limits  of  the 
city.  The  city  employed  as  consulting  engineer,  Thomas  F.  Johnson, 
of  Chicago,  who  at  the  same  time  was  installing  an  artesian  supply  at 
Memphis,  Tenn.  The  plan  here  consisted  of  boring  12  wells  300  feet 
apart  in  a  continuous  Une  nearly  perpendicular  to  the  line  of  the 
subterranean  <^ow.  The  depth  of  the  wells  is  from  500  to  600  feet. 
They  are  all  12  inches  inside  diameter,  and  the  casing  is  driven  to  a 
depth  of  approximately  250  feet,  where  it  is  imbedded  in  rock  so  that 
there  can  be  no  contamnation  of  the  aquifer  from  surface  water  fol- 
lowing the  casing.  A  brick  conduit  6  feet  in  diameter  was  con- 
structed from  10  to  16  feet  below  the  surface  of  the  ground  on  a  level 
grade,  with  elevation  at  mean  low  water,  into  which  the  weUs  flow, 
and  the  water  is  carried  through  this  conduit  to  the  pump  well  at  the 
station. 
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The  pumping  equipment  consisted  of  two  Holly  engines  of  the 
Gaskill  type  of  10,000,000  gallon  capacity  each.  A  42-inch  main  was 
laid  from  the  pumping  station  to  the  edge  of  the  thickly  populated 
section  of  the  city,  4000  feet  distance.  This  station  is  f  mile  from  the 
center  of  the  water  supply  distribution.  No  standpipe  or  reservoir 
was  provided,  and  at  this  date  there  is  no  standpipe  or  reservoir  other 
than  a  small  pump  well  which  has  a  capacity  of  40,000  gallons,  and  the 
brick  conduit,  which  has  a  capacity  of  approximately  600,000  gallons. 
This  pumping  station  was  put  in  operation  in  1893,  and  has  been  in 
continuous  use  without  interruption  since  then. 

When  the  Gwinnett  Street  station  was  put  into  operation  the  river 
station  was  shut  down,  and  was  not  utilized,  except  for  emer- 
gency use,  for  11  years,  and  since  then  this  station  has  only  been  used 
to  make  up  any  deficiency  in  supply  that  the  Gwinnett  Street  station 
could  not  furnish  with  one  pmnping  unit,  the  supply  from  the  river 
station  being  about  10  per  cent  of  the  total  consumption.  The  wells 
at  the  Gwinnett  Street  station  were  at  first  self-flowing,  but  the 
flow  gradually  lessened  and  an  air  lift  plant  was  installed  in  1902, 
consisting  of  two  IngersoU-Rand  air  compressors  of  1800  cubic  feet 
capacity  of  air  per  minute.  In  1908  a  single  air  compressor  of  1200 
cubic  feet  per  minute  capacity  was  installed  at  the  river  station. 
The  method  of  operation  at  the  Gwinnett  Street  station,  is  to  work 
one  unit  for  a  month,  then  shut  down  this  unit  and  operate  the  other, 
except  in  case  of  fire,  when  an  increased  supply  is  required,  then  both 
engines  and  compressors  are  immediately  put  in  operation.  The 
river  station  is  only  operated  during  the  day,  except  when  a  peak 
load  has  to  be  provided  for. 

Static  head  of  wells.  When  artesian  wells  were  first  bored  in  and 
near  Savannah,  the  water  rose  to  from  30  to  35  feet  above  mean  low 
water.  With  a  continuous  draft  upon  the  aquifer,  the  static  head 
fell,  and  the  rate  and  amount  of  lowering  of  the  static  head  depends 
largely  upon  how  concentrated  the  draft  on  the  aquifer  is  at  any 
locality.  Take,  for  instance,  the  river  station  where  25  wells  were 
bored  promiscuously  within  a  10-acre  tract.  Records  do  not  give  the 
fall  in  the  static  head  at  the  river  station  after  the  wells^  were  first 
bored,  but  the  diminution  of  the  flow  that  occurred  would  indicate 
that  within  three  years  after  they  were  put  in  operation  the  static 
head  dropped  at  least  20  to  25  feet.  Artesian  wells  were  bored  at  the 
river  station  in  1887-1889,  and  between  that  year  and  1893,  the 
domestic  supply,  with  the  exception  of  a  small  percentage  of  pumpage 
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at  times  from  the  river,  came  from  these  wells.  With  the  construc- 
tion and  operation  of  the  Gwinnett  Street  station  in  1893,  the  river 
station  was  shut  down,  excepting  for  very  brief  periods,  until  1909. 
Since  1909  both  stations  have  been  in  operation,  but  only  from 
1,000,000  to  4,000,000  gallons  daily  has  been  drawn  from  the  wells 
at  the  river  station;  therefore,  there  has  only  been  a  light  draft  on 
the  aquifer  at  this  locaUty,  and  the  elevation  of  the  static  head  has 
changed  but  little. 

At  this  time  the  elevation  of  the  static  head  at  the  river  station  is 
from  4  to  6  feet  above  mean  low  water,  whereas  at  the  Gwinnett 
Street  station,  only  3900  feet  away,  where  there  is  heavy  continuous 
draft  upon  the  wells,  the  static  head  of  the  12  wells  adjacent  to  it 
averages  12  to  14  feet  below  mean  low  water.  Sufficient  data  have 
been  collected  to  show  approximately  the  rate  of  lowering  of  the 
static  head  at  this  station  from  1893  to  the  present  time,  and  if  the 
fall  in  the  static  head  was  graphically  shown,  the  Une  showing  the 
lowering  of  the  static  head  would  form  a  parabohc  curve  with  the 
flattening  out  of  the  curve  occurring  at  this  time. 

In  1890,  when  the  wells  were  first  bored  at  the  Gwinnett  Street 
station,  the  static  head  there  was  approximately  28  feet  above 
mean  low  water,  and  the  static  head  of  the  original  wells  bored 
in  this  vicinity  was  approximately  35  feet  above  mean  low  water 
so  that  the  operation  of  the  wells  at  the  river  station  previously 
to  the  boring  of  the  wells  at  the  Gwinnett  Street  station  evidently  ef- 
fected to  some  extent  the  water  pressure  in  the  aquifer  at  the  Gwin- 
nett Street  station.  Three  years  after  the  wells  were  first  put  in 
operation  at  the  Gwinnett  Street  station,  the  static  head  fell  12  feet, 
and  five  years  later  the  static  head  had  fallen  5  feet  further.  Unfor- 
tunately there  is  no  record  of  the  elevation  of  the  static  head  in  1902, 
when  the  air  compressors  were  first  installed,  and  not  until  1915  was 
the  static  head  carefully  determined  by  the  author,  when  it  was  found 
to  be  from  10  to  12  feet  below  mean  low  water.  In  other  words,  dur- 
ing the  last  17  years,  the  static  head  at  the  Gwinnett  Street  station 
has  dropped  approximately  22  feet,  equivalent  to  an  annual  drop  of 
somewhat  less  than  Ij  feet. 

Assuming  that  a  still  further  flattening  of  the  curve  of  the  static 
head  lowering  occurs,  it  will  be  a  long  time  before  the  drop  will  fall 
to  such  an  extent  that  the  cost  of  obtaining  water  either  with  elec- 
trically driven  pumps  or  with  an  air  lift  system  will  be  excessive. 
With  the  present  air  lift  system  the  additional  cost  per  million  gaUons 
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pumped  per  each  foot  of  sinking  of  the  static  head  is  15  cents.  Un- 
doubtedly a  continuous  heavy  draft  on  the  aquifer  will  cause  a  con- 
tinued lowering  of  the  static  head,  but  if  there  should  be  an  inter- 
ruption in  pumping  for  any  length  of  time  the  static  head  would 
return  to  an  elevation  considerably  above  mean  low  water.  Wells 
just  bored  on  the  prolonged  axis  of  the  existing  wells  and  distant  900 
and  1600  feet  from  the  nearest  old  wells  have  the  elevation  of  the 
static  head  at  approximately  fow  water.  New  wells  that  have  been 
bored  within  a  distance  of  2  or  3  miles  of  the  river  station  are  self- 
flowing  at  this  date. 

In  connection  with  the  static  head  it  is  necessary  to  consider  the 
draw-down,  which  is  proportional  to  the  draft  placed  upon  the 
wells.  The  draw-down  at  the  Gwinnett  Street  station  wells  is  from 
12  to  15  feet,  and  at  the  river  station  approximately  6  feet,  but  if 
the  air  is  cut  ofif,  the  water  rises  rapidly  to  its  ordinary  static  head 
elevation. 

Interference  of  wells.  As  stated  above,  the  wells  at  the  river  station 
were  bored  promiscuously  in  a  small  area,  without  any  relation  to  the 
line  of  flow  of  the  aquifer,  and  the  wells  interfere  one  with  the  other 
much  more  than  at  the  Gwinnett  Street  station.  Nine  months  ago 
a  new  well  was  bored  within  90  feet  of  the  one  of  the  old  wells  at  the 
Gwinnett  Street  station,  and  there  has  been  very  little  interference 
between  the  two. 

The  static  head  has  apparently  only  dropped  2  feet  at  this  point, 
due  to  the  additional  draft  on  the  aquifer.  That  this  well  has  not 
interfered  more  with  the  old  wells  near  it,  can  only  be  explained  by 
the  fact  that  the  new  well  is  a  little  deeper  and  evidently  enters  poc- 
kets that  the  old  well  does  not  draw  from.  We  have  one  deep  well 
1500  feet  deep,  within  1000  feet  of  one  of  the  old  wells,  which  taps 
two  aquifers.  The  static  head  is  higher  and  the  draw-down  in  this 
well  is  very  much  less  than  in  the  other  wells. 

Capacity  of  wells.  While  the  aquifer  has  been  tapped  for  a  period 
of  twenty-nine  years,  there  is  just  as  much  water  in  the  aquifer  at  this 
time  as  there  was  originally,  as  shown  by  the  capacity  of  the  wells, 
but  it  is  necessary  to  go  a  httle  lower  for  the  supply.  When  the  wells 
were  first  bored  at  the  river  station  the  capacity  of  the  22  wells  was 
approximately  6,000,000  gallons  and  it  is  easy  to  obtain  this  quantity 
now.  Reference  to  the  capacity  of  the  wells  at  the  Gwinnett  Street 
station  for  various  periods  gives  better  data  as  regards  the  strength  of 
the  aquifer.    When  the  12  wells  at  the  Gwinnett  Street  station  were 
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bored  in  1892,  the  total  flow  from  it  was  10,300,000  gaUons  per  day. 
In  a  year  or  two  this  flow  diminished  to  9,500,000  gallons  and  in  1897 
the  records  show  the  flow  to  be  further  reduced  to  5,500,000  gaUons. 
In  1900  the  flow  was  slightly  less,  recorded  as  5,000,000  gallons,  and 
in  1902  the  flow  was  approximately  the  same,  but  when  the  air  lift 
system  was  introduced  in  1902,  the  capacity  of  the  wells  increased  to 
10,300,000  gallons  per  day.  Tests  made  by  the  author  of  the  capacity 
of  the  same  wells  in  1915  showed  the  supply  to  be  at  the  daily  rate  of 
15,000,000  gallons,  and  at  this  date  the  city  is  obtaining  this  quantity 
without  any  effort,  in  fact  at  this  time  it  is  pumping  from  8  wells  and 
obtaining  10,000,000  gallons  per  day.  This  shows  that  there  is  a 
great  subterranean  flow,  which  is  believed  to  be  inexhaustible,  and  all 
that  is  needed  is  for  a  suitable  distribution  of  wells  to  draw  water 
without  creating  a  too  concentrated  draft  on  the  aquifer.  The  air  is 
applied  to  the  wells  through  2}-inch  pipe  with  no  nozzles  or  air  pump 
at  the  lower  end,  and  the  submergence  is  around  60  per  cent.  Not  a 
weU  has  been  lost  since  they  were  first  bored,  this  being  due  to  the 
wells  entering  a  limestone  formation  where  there  are  no  heavy  pockets 
of  sand. 

Before  the  installation  of  the  air  lift,  attempts  were  made  to  increase 
the  flow  of  the  wells  by  dynamiting,  which  produced  no  appreciable 
benefit.  Another  method  was  attempted  of  appljdng  water  imder 
pressure  to  the  wells.  This  was  done  by  laying  an  8-inch  main  along 
the  axis  of  the  wells  and  connecting  the  well  with  it.  This  flushing 
did  increase  the  flow  for  the  time  being  about  12  per  cent.  The 
running  pressure  of  air  at  the  wells  at  this  time  ranged  from  22  to  30 
poimds,  with  45  pounds  air  pressure  at  the  station. 

Chlorine  contents.  One  feature  with  artesian  wells  that  requires 
attention  is  the  possibility  or  probability  of  salt  water  entering  the 
aquifer  as  the  static  head  is  lowered.  It  so  happens  that  several 
analyses  of  artesian  water  were  made  in  1893  and  the  chlorine  con- 
tent of  the  water  at  that  time  was  found  to  be  6.1  parts  per  million. 
In  1915  the  chlorine  content  was  found  to  be  6.2  parts  per  million, 
showing  that  up  to  this  date  there  had  been  no  increase  in  the  salinity 
of  the  water.  The  wells  that  go  to  the  lower  aquifer  reach  a  water  of 
slightly  different  chemical  analyEis,  the  chlorine  contents  being  about 
14  parts  per  million. 

Analyses  of  water  from  the  artesian  wells  at  Tybee,  fifteen  miles 
distant,  which  is  on  the  sea  coast,  show  the  chlorine  contents  to  be 
6^  parts  per  million,  so  that  apparently  there  is  no  fear  of  the  water 
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at  Savannah  becoming  too  salty  for  potable  or  domestic  use  for  a 
long  time  to  come. 

Tidal  interference.  There  is  some  oscillation  in  the  static  head  of 
some  of  the  wells,  corresponding  to  the  rise  and  fall  of  the  tide  at  the 
sea  coast,  and  this  amounts  in  some  locaUties  to  about  4  feet.  It  is 
not  appreciable  in  the  wells  at  the  Gwinnett  Street  station,  where 
water  is  drawn  from  the  aquifer  all  the  time.  At  the  river  station, 
when  there  is  cessation  in  the  pumping,  the  static  head  varies  some- 
what, and  other  wells  in  the  county  that  are  self-flowing  have  a 
stronger  flow  when  the  tide  is  high  than  when  the  tide  is  out. 

Consumption  of  water.  Savannah  at  this  date  has  a  population  of 
approximately  80,000.  The  average  consumption  is  10,300,000  gal- 
lons per  day,  or  a  per  capita  consiimption  of  129  gallons.  The  con- 
simiption  has  fluctuated  in  the  past  from  1 15  to  165  gallons.  This  has 
been  due  in  part  to  abnormal  pumping  during  extraordinary  cold 
spells  and  the  extension  of  house  drainage  system,  but  especially  to 
the  large  waste  due  to  faulty  plimibing. 

A  pitometer  survey  was  made  in  Savannah  in  1912  and  consider- 
able saving  in  pumpage  was  brought  about  by  the  work  done  following 
this  survey.  In  the  mains  the  pressure,  which  at  one  time  was 
30  pounds,  has  been  increased  to  50  pounds.  The  city  has  com- 
menced the  installation  of  meters  and  has  passed  an  ordinance 
requiring  stop  and  waste  cocks  on  all  risers.  It  is  carrying  out  house 
to  house  inspection  of  all  plumbing  fixtures.  The  installation  of  only 
700  meters  last  year  brought  about  4  per  cent  reduction  in  the  per 
capita  consimiption. 

Ftiel  consumption.  Accurate  records  have  been  kept  of  the  fuel 
consumption  at  the  Gwinnett  Street  station  since  it  was  first  put  in 
operation  in  1893.  When  the  new  pumps  were  first  installed  the 
consumption  was  2000  pounds  per  million  gallons  pumped  into  the 
mains.  Rather  singularly  the  consumption  sank  regularly  for  a 
period  of  five  years  when  1450  pounds  of  coal  pumped  the  same  amount 
of  water.  This  was  during  the  period  whem  the  wells  were  self- 
flowing.  The  Uft  from  the  pump  well  is  approximately  12  feet  and  the 
pressure  in  the  force  main  was  at  that  time  from  20  to  30  pounds. 
The  installation  of  the  air  compressor  increased  the  amount  of  fuel 
required  to  2600  poimds  of  coal  per  milhon  gallons  pimiped  into  the 
mains,  but  after  efficiency  was  brought  about  in  the  operation  of  the 
air  lift,  the  fuel  required  fell  to  2100  pounds.  From  1904  to  1914  the 
annual  increase  in  consumption  of  coal  has  been  90  pounds  per  mil- 
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lion  gallons  pumped.  This,  of  course,  is  accounted  for  by  the  slowly 
receding  elevation  of  the  static  head,  to  the  machinery  becoming 
older  and  to  the  increase  in  pressure  in  the  mains  from  30  to  50  pounds, 
so  that  at  this  time  the  consumption  is  3240  pounds  of  coal  per 
million  gallons. 

The  city's  destructor  plant,  which  destroys  the  city's  refuse,  was 
put  into  operation  in  March,  1914,  and  is  operated  by  steam  fur- 
nished by  burning  the  refuse.  The  excess  steam  not  required  to 
operate  the  plant  itself  is  conveyed  from  the  boiler  to  the  main  boiler 
head  at  the  pumping  station.  This  excess  steam  for  three  years  and 
nine  months  has  resulted'  in  the  saving  of  $26,100  worth  of  coal, 
and  if  there  was  enough  refuse  to  operate  the  destructor  plant  at  its 
full  capacity,  the  saving  for  this  period  would  have  been  about  double 
this  amount.  This  total  cost  of  operating  the  station,  including 
maintenance,  fuel  and  incidental  expenses  not  excluding  interest  on 
investment,  depreciation,  or  allowing  for  any  sinking  fund,  has  been 
on  the  average  of  $12.  per  million  gallons  pumped.  At  this  time 
with  abnormal  conditions,  the  operating  cost  has  risen  to  $16.  per 
million  gallons. 

Deterioration  of  well  casing.  Investigation  made  of  one  well  casing 
removed  from  the  River  Station  showed  it  had  suffered  deterioration. 
On  account  of  slight  contamination  of  the  water  occurring  at  the 
river  station  two  years  ago,  a  thorough  investigation  was  made  to 
ascertain  how  this  occurred,  and  this  investigation  has  shown  beyond 
a  doubt  that  infiltration  of  surface  water  occurs  through  some  of  the 
well  casings.  In  order  to  prove  this,  an  attempt  was  made  to  with- 
draw one  10-inch  casing  and  with  the  application  of  two  100-ton  jacks 
the  author  succeeded  in  withdrawing  150  feet  of  the  pipe,  which  then 
broke  off  at  this  depth.  In  the  casing,  at  a  point  about  40  feet  below 
the  surface,  a  hole  was  found  which  it  was  thought  at  first  might  be 
due  to  electrolysis  but  was  finally  concluded  to  be  due  to  corrosion. 
At  present,  to  avoid  contamination  of  the  water,  in  the  morning  before 
pumping  occurs  into  the  mains,  it  is  customary  to  apply  the  air  com- 
pressor and  waste  the  water  from  the  wells  for  a  period  of  one  hour. 
This  eliminates  the  accumulation  of  infiltered  water  through  the 
previous  night  and  with  this  operation  there  has  been  no  trouble,  as 
continuous  pumping  creates  internal  pressure  in  the  casing  greater 
than  the  outside  pressure,  thus  keeping  out  infiltration.  These  cas- 
ings have  failed  after  26  years  hfe,  and  it  has  been  planned  to  do 
away  with  this  station  within  a  few  months. 
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The  plan  for  improving  the  Gwinnett  Street  station  includes  the 
installation  of  electrically  operated  pumps  of  li  million  gallons  daily- 
capacity,  thoroughly  overhauling  the  present  machinery,  and  setting 
additional  meters  to  reduce  the  waste,  so  that  the  one  station  with 
one  imit  will  supply  the  present  demands. 

Cost,  The  construction  of  the  river  station,  which  was  met  by  a 
bond  issue,  cost  $220,000;  other  outlays,  such  as  the  cost  of  the  air 
lift  sjrstem,  for  this  station  have  been  $57,000. 

The  initial  cost  of  the  Gwinnett  Street  station  was  $427,000,  and 
since  its  construction  to  the  present  date  $80,000  was  expended  for  air 
lift  plant  and  for  new  wells,  making  total  construction  cost  $784,000. 

Financial  management.  With  the  exception  of  one  bond  issue  of 
$200,000,  to  pay  for  the  first  construction  in  1882,  all  costs  of  con- 
struction, maintenance,  extensions  and  renewals  have  been  paid  from 
the  current  revenue  derived  from  the  sale  of  water. 

The  management  of  the  water  works  of  this  city  has  not  been  unlike 
the  management  of  many  municipalities,  in  that  no  sinking  fund  has 
been  provided  and  any  excess  revenue  over  the  expenditures  for  out- 
lays or  operation  has  been  thrown  into  the  treasury  and  used  for  any 
municipal  use.  No  charge  has  been  made  against  various  depart- 
ments for  water  furnished;  the  city  has  been  exceedingly  liberal  as 
regards  free  water  and  only  recently  has  taken  proper  steps  to  prevent 
and  avoid  wastage  by  the  consumer. 

From  1882  to  the  end  of  1917  the  revenue  from  the  water  works 
department  has  been  in  round  figures  $3,359,000.  The  total  expen- 
diture for  the  operation  and  maintenance  for  this  period  was 
$1,320,500;  for  construction  of  plant  and  mains  and  installation  of 
air  lift  system,  boring  and  connecting  wells,  a  total  of  $1,328,500) 
was  expended. 

The  cost  of  construction,  boring  of  wells  and  connecting  them, 
amounted  to  $1,328,500.  An  inventory  of  the  water  works  de-- 
partment  made  by  the  author  at  the  end  of  1917  places  the  value  of 
the  physical  portion  of  this  department  at  $826,950;  therefore,  the 
depreciation  is  estimated  at  $501,550. 

The  total  outlay  for  the  past  36  years  was  $2,649,000,  giving  a 
surplus,  excluding  depreciation,  of  $710,000,  or  a  net  surplus,  allowing 
for  depreciation,  of  $208,450.  There  are  no  outstanding  liabilities 
and  the  plants  have  been  fully  paid  for.  If  the  plant  was  privatdy 
owned,  interest  on  investment  would  have  to  be  considered,  but  this 
is  more  than  offset  by  the  public  and  free  service  that  has  been  given^ 
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It  can  be  seen  that  rates  for  water  have  been  fixed  very  closely  to 
what  has  been  required  to  meet  the  expenditures,  but  there  should 
have  been  a  sinking  fund  provided.  Had  there  been  a  sinking  fund 
the  much-needed  rehabilitation  and  extension  of  the  water  works 
S3rstem  could  be  carried  out  at  this  time  without  recourse  to  a  bond 
issue,  which  wiU  be  required  within  the  very  near  future. 

The  per  capita  income  is  very  much  less  than  theiaverage  per  capita 
income  of  other  municipaUties.  In  Savannah  it  is  somewhat  less 
than  $2.00  per  year  per  capita,  while  the  average  in  the  United  States 
is  about  $2.50  per  capita. 

The  total  pumpage  for  26  years  was  97,408,000,000  gallons,  making 
the  total  cost  per  million  gallons  pumped,  including  cost  of  construc- 
tion, maintenance,  all  outlays,  including  extension  of  mains,  etc., 
$27.20. 
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WATER  WASTE  ELIMINATION.    METHODS  AND 
RESULTS  AT  OAK  PARK,  ILL.^ 

By  H.  p.  T.  Matte 

All  wiU  agree,  no  doubt,  that  the  most  important  factor  in  the 
elimination  of  waste  is  complete  meterage.    This  belief  is  held 
firmly  in  Oak  Park,  but  the  author  will  try  to  show  that  it  must  be 
supplemented  by  other  measures  in  order  to  be  entirely  effective. 
These  have  been  divided  into  the  following  heads: 

1.  Strict  maintenance  of  meters. 

2.  Rigid  collection  of  high  bills  due  to  leakage  or  waste. 

3.  EflScient  complaint  department,  to  take  care  of  complaints 
caused  by  excessive  water  bills.  This  includes  education  of  con- 
sumers. 

4.  Master  meter  for  measuring  the  entire  supply  to  the  distri- 
bution system.  That  is,  a  recording  Venturi  meter,  or  any  of  the 
various  types  of  recording  pitometers,  with  accompanying  recording 
pressure  gauges. 

5.  Periodical  waste  surveys. 

To  these  may  be  added  the  following,  important,  although  often 
overlooked,  elements  in  the  control  of  waste: 

6.  Absolute  control  of  all  the  divisions  of  the  water  department 
by  the  manager. 

7.  Strict  adherence  to  the  rules  and  regulations,  or  ordinances. 
This  means  that  the  water  department  must  be  upheld  by  the 
municipal  authorities.  In  other  words,  let  the  water  works  be  out 
of  pohtics  entirely. 

The  foregoing  rules  have  been  in  force  in  Oak  Park,  and  to  that 
fact  the  author  ascribes  the  following  results: 

During  the  four-year  period  between  1913  and  1917  inclusive, 
although  the  population  has  increased  34.6  per  cent  and  the  nimiber 
of  services  or  meters  32.5  per  cent;  the  daily  consimiption  increased 
only  20.7  per  cent.  The  daily  per  capita  consimiption  has  decreased 
from  75  gallons  to  67.6  gallons,  or  10.6  per  cent,  the  minimum  night 

^Read  before  the  Illinois  Section  at  Urbana,  April  18,  1918. 
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rate  of  consumption  diniinished  37.5  per  cent  and  the  ratio  of  the 
minimum  night  rate  to  the  average  daily  consumption,  dropped 
from  40.8  to  21.2  or  48  per  cent.  The  percentage  of  water  accounted 
for  by  meters  has  increased  from  72  per  cent  to  83  per  cent. 

Oak  Park  has  always  been  100  per  cent  metered.  All  the  water 
pumped  into  the  distribution  system,  except  that  which  is  lost 
through  underground  leakage,  is  delivered  through  meters.    This 
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Fig.  1.    Water  Consumption  at  Oak  Park,  III. 

includes  all  municipal  buildings,  watering  troughs,  drinking  foun- 
tains, street  sprinkUng  water  used  in  parks,  and  fire  hydrants  when 
used  for  other  than  fire  purposes.  Water  used  in  the  construction 
of  houses  is  sold  through  meters  buried  in  the  parkway.  Moreover 
there  is  no  free  water. 

Referring  to  item  1,  maintenance  of  meters,  all  meters  are  tested 
periodically,  a  practice  which  has  been  foimd  profitable,  although 
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not  required  by  the  Public  Utilities  Commission.  Meters  are  lead 
every  quarter  in  a  continuous  reading  system,  for  which  purpose 
the  city  is  divided  into  six  districts  so  that  those  found  to  be  not 
registering  can  be  brought  into  the  shop,  repaired  and  put  back 
into  service  within  a  week  after  being  read. 


^Mmm*^ 


The  second  point,  the  rigid  collection  of  high  bills  due  to  leakage, 
is  important  and  has  a  beneficial  •effect  on  the  success  of  the  meter 
system.  In  other  words,  although  it  may  be  hard  on  the  consumer, 
he  will,  if  properly  impressed,  appreciate  the  importance  of  watch- 
ing his  fixtures  and  become  educated  in  spite  of  himself. 

No  reduction  in  bills  is  made  on  account  of  leakage.  Short  and 
pointed  instructions,  which  include  the  policy  of  the  Water  Depart- 
ment, are  printed  on  the  backs  of  the  water  bills.    If  the  complain- 
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ant  has  been  guilty  of  the  characteristic  failing  of  mankind,  that  of 
being  unobserving  and  neglecting  to  read  the  information  supplied 
to  him  every  three  months,  he  deserves  to  pay  for  his  inattention. 

This  does  not  mean  that  the  department  is  heartless  and  does  not 
admit  mistakes.  The  consumer  is  given  the  benefit  of  the  doubt 
from  the  first,  owing  to  the  fact  that  the  department  realizes  that  it 
is  but  human  and  can  be  in  error  in  several  ways.  In  fact  the 
department  lets  it  be  known  that  it  is  glad  to  correct  its  faults. 
If,  however,  upon  thorough  investigation  it  is  foimd  that  the  water 
was  consumed  through  leakage  or  otherwise  wasted,  the  bill  must 
be  paid.  In  order  to  be  fair  certain  allowances  are  made  if  the 
waste  was  in  the  ground  and  invisible.  In  this  case  the  lowest 
rate  at  which  water  is  sold  in  Oak  Park  is  allowed,  although  the 
quantity  consumed  may  not  justify  the  consumption  to  be  placed 
in  that  class. 

In  any  case  of  high  bills,  whether  this  concession  is  given  or  not, 
if  the  consimier  is  plainly  unable  to  pay  the  bill  as  it  stands  (these 
claims  being  investigated),  an  installment  plan  of  payment  is 
adopted;  but  with  the  provision  that  the  bill  must  be  paid  within 
a  year. 

The  reason  for  this  attitude  is  this;  every  Student  of  human  nature 
knows  that  if  a  water  department  is  reputed  to  be  lenient,  the  aver- 
age person  takes  a  chance  and  depends  upon  his  abiUty  as  a  bluffer 
to  get  out  of  paying  the  bill.  Talk  is  cheaper  than  plumbing  bills. 
If  he  is  victorious  because  "he  has  been  unfortimate  and  won't  let 
it  happen  again,"  he  surely  will.  In  the  old  day^  of  leniency  it  was 
found  that  the  average  consumer  did  do  it  again. 

But  it  is  impossible  to  handle  this  matter  properly  without  an 
efficient  complaint  department,  for  it  is  then  impossible  for  the 
department  to  prove  its  case.  Every  water  works  man  who  has  had 
to  deal  with  consumers  under  the  meter  system  is  aware  of  the 
number  of  excuses  and  prevarications  that  are  evolved  in  order  to 
make  the  management  beUeve  that  there  was  a  mistake  made  in 
the  reading,  that  there  are  no  leaks,  that  the  fixtures  have  been 
repaired  recently,  that  the  meter  works  when  no  water  passes  through 
it,  that  the  meter  reader  is  in  collusion  with  the  "bunch  of  grafters 
in  the  office"  and  reads  the  meter  from  the  next  block,  and  so  on. 

Oak  Park,  however  is  prepared  to  prove  to  all  these  amateur 
lawyers  that  they  have  no  case  in  court.  There  is  a  record  of  all 
complaints  of  whatever  nature  that  have  been  made  to  the  water 
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department  and  about  the  water  department  for  the  past  five  years. 
These  are  arranged  by  years  in  3  by  5-inch  card  files,  and  are  the 
original  records.  All  calls  are  recorded  on  the  same  size  cards,  three 
colors  being  used  to  distinguish  between  complaints  relating  to 
meters  and  bills,  complaints  and  job  orders  relating  to  the  mechani- 
cal division,  and  those  relating  to  delinquent  bills.  This  record 
is  very  valuable  in  refuting  unjust  accusations,  in  tracing  past 
records,  and  for  the  purpose  of  settling  especially  diflScult  problem. 

All  complaints  concerning  high  bills  are  investigated  and  a  com- 
prehensive written  report  is  made  to  the  consumer.  The  nature 
of  the  complaint  is  written  on  the  card  provided  for  that  purpose 
and  is  given  to  an  inspector  who  makes  a  specialty  of  investigat- 
ing high  bills.  It  has  been  found  impracticable  for  the  meter  reader 
to  waste  time  making  investigations.  He  notes  all  unusual  sounds 
or  evident  leakage  on  the  reading  slip  and  a  special  call  is  made. 
Sometimes  a  consumer  is  dissatisfied  even  after  a  second  investiga- 
tion, and  he  is  allowed  to  hold  the  payment  of  the  bill  until  the  next 
quarterly  statement,  when  he  will  see  for  himself  the  result  of  stop- 
ping small  leaks.  If,  however,  a  rebate  is  yet  expected  or  sought, 
a  final  notice  of  "Shut  off  for  non-pa3anent"  is  issued  and  the  water 
is  shut  off  in  spite  of  threats  of  litigation. 

For  the  purpose  of  determining  the  cause  of  persistent  high  bills, 
where  "there  are  only  two  in  the  family,  no  leaks,  and  there  is  no 
sprinkling  done;  while  the  family  next  door  has  three  or  four  chil- 
dren, does  its  own  washing,  sprinkles  the  lawn  all  day,  and  has  only 
minimum  bills,"  the  department  has  evolved  a  recording  detector 
which  is  substituted  for  the  meter  and  which  gives  a  graphic  record 
of  the  consumption  for  twenty-four  hours  or  a  week.  It  is  thus 
possible  to  spot  the  number  of  times  the  faucets  are  opened,  the 
number  of  baths  with  the  quantity  used  each  time,  and  the  number 
of  times  the  toilets  are  used.  It  has  thus  been  possible  on  many 
occasions  to  show  that  the  toilet  valve  would  not  work  about  every 
fifth  time  it  was  operated,  and  that  the  lady  of  the  house  was  appar- 
ently too  clean,  having  the  habit  of  letting  the  water  run  in  the 
kitchen  sink  too  long  each  day  or  that  somebody  took  a  cold  bath 
every  morning  and  consumed  about  50  gallons  each  day  in  the 
operation,  or  that  a  thermostat  used  by  a  central  heating  plant 
leaked  at  some  time  during  the  day,  or  that  the  toilet  was  used  too 
often  to  wash  down  foreign  substances  that  did  not  belong  there,  or 
finally  that  the  servant  was  very  wasteful. 
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The  complaints  on  account  of  high  bills  dropped  in  number 
from  2000  in  1913,  to  600  in  1917,  due  to  the  education  of  the  con- 
sumers who,  realizing  that  the  department  means  business,  is 
strictly  impartial  and  is  able  to  help  them  reduce  their  water  bills, 
have  begun  to  cooperate  with  the  department. 


^mmm^ 


The  third  item  in  the  efficient  elimination  of  waste  is  the  installa- 
tion of  recording  pressure  gauges  and  a  master  meter  directly  on 
the  distribution  system.  The  combination  of  the  two  devices  is  a 
great  aid  in  estimating  the  rate  of  consumption  duruig  the  night, 
which  is  due  to  leakage  alone,  in  noting  the  progress  each  day  in  the 
stoppage  of  leaks,  and  in  determining  the  necessity  for  making  a 
special  waste  survey.  The  efficiency  of  the  pumping  station  attend- 
ants as  well  as  that  of  the  pumps  can  be  determined  at  a  glance. 
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Many  plants  are  equipped  with  Venturi  meters  or  pitometer  re- 
corders placed  on  the  main  lettding  to  filter  beds,  or  to  reservoirs  or 
standpipes.  The  character  of  the  consumption  cannot  be  accu- 
rately determined  by  meters  so  placed  that  the  fluctuations  cannot 
be  seen. 


^mmar^ 


The  waste  survey,  one  of  the  most  important  elements  in  the 
prevention  of  continued  needless  waste  on  a  metered  water  system, 
is  next  on  the  list,  and  the  author  hopes  to  see  it  become  more 
popular. 

In  order  to  shorten  the  work  of  making  waste  surveys  and  avoid 
imnecessary  work,  it  is  advisable  to  make  first  a  rough  survey  of  the 
entire  city  with  a  pitometer,  which  is  done  by  isolating  certain  dis- 
tricts and  measuring  all  the  water  consumed  through  one  of  the 
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mains  as  a  feeder.  Here  is  where  the  master  meter  on  the  distribu- 
tion system  comes  into  use.  The  Oak  Park  department  often  shuts 
down  large  districts  for  a  few  minutes  and  notes  the  drop  on  the 
Venturi  chart.  It  is  impossible  to  do  this  at  night  because  the 
quantity  is  only  400  gallons  per  minute  between  the  hours  of  1  and 
4  a.m.  In  fact  the  smallest  pump  is  so  throttled  in  order  to  main- 
tain the  assiuned  pressure  of  40  pounds  that  the  opening  left  is  equal 
in  area  to  that  of  a  2-inch  pipe.  The  Venturi  meter  is  not  sensitive 
enough  at  that  low  velocity;  but  it  is  possible  to  accomplish  nearly 
the  same  result  in  the  day  time  during  periods  of  steady  consump- 
tion when  there  is  a  draft  of  2000  or  3000  gallons  per  minute.  In 
this  case  the  drop  has  been  found  sufficient  to  allow  the  making  of 
an  analysis  of  the  leakage  conditions.  The  pitometer  is  the  surest 
way,  however,  for  it  is  possible  with  it  to  obtain  accurate  information 
and  so  eliminate  the.  ''good  districts." 

After  the  pitometer  survey,  especially  when  the  leakage  is  so 
small  that  there  is  Uttle  velocijby  in  the  mains,  the  ''hydrant  and 
hose  method"  follows  logically.  It  is  practically  useless  to  expect 
any  headway  if  a  displacement  meter  is  used,  as  the  rate  of  con- 
sumption and  the  minimiun  flow  cannot  be  accurately  determined. 
The  Oak  Park  department  uses  a  2-inch  Venturi  meter,  but  a 
pitometer  inserted  into  a  short  piece  of  pipe  2  inches  or  smaller  in 
size  is  as  good.  A  manometer  and  as  much  condemned  fire  hose  as 
can  be  obtained  from  the  fire  department,  completes  the  outfit. 

During  the  summer  of  1917  the  department  tested  18  miles  of 
mains,  and  stopped  leakage  amounting  to  220,000  gallons  per  day. 
This  represents  a  saving  in  the  cost  of  water  purchased  from  the  city 
of  Chicago,  of  $5,000  and  the  outfit  used  cost  only  $150,  exclusive 
of  the  hose.  It  also  accomplished  the  reduction  of  the  night  rate 
of  consumption  to  the  assumed  standard  of  20  per  cent  of  the  aver- 
age daily  consumption. 

It  has  been  the  Oak  Park  experience  that  in  order  to  be  most 
efficient,  a  water  department  must  be  imder  one  head.  That  is, 
not  only  should  the  manager  take  care  of  the  mechanical  end  of  the 
water  works  system  but  also  the  financial  part.  He  should  also 
inaugurate  the  poUcies.  It  is  very  difficult  to  handle  complaints 
regarding  high  bills  and  to  give  satisfaction  if  the  money  is  collected 
in  one  department,  "shut-offs"  for  non-payment  of  bills  are  handled 
in  another,  and  the  bills  are  rendered  in  either  of  the  foregoing  or 
yet  in  a  third  one. 
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It  is  trying  for  the  superintendent  or  manager  to  make  a  decision 
and  be  obliged  to  back  down  if  the  complainant  is  able  to  obtain  a 
concession  from  someone  higher  up,  who  is  not  vitally  interested 
in  the  efficient  operation  of  the  department  and  yields  to  pressure 
from  some  poUtical  adherent.  It  is  difficult  to  enforce  ordinances  or 
rules  if  exception  must  be  made  in  the  case  persons  of  influence  or 
important  poUtical  henchmen.  It  is  impossible  to  prevent  needless 
waste  of  water  if  certain  organizations  or  institutions,  by  vote  of  the 
municipal  authorities,  are  allowed  free  water  against  the  advice  of 
the  manager. 

The  author  acknowledges  that  absolutely  nothing  could  be  done 
toward  the  efficient  management  of  the  Oak  Park  water  department 
were  it  not  that  the  municipal  authorities  are  inteUigent  business 
men  who  investigate  all  complaints  thoroughly  before  acting  upon 
them,  and  stand  back  of  all  the  department's  apparently  arbitrary 
decisions,  which,  though  they  may  cause  temporary  bad  feeling, 
make  for  the  betterment  of  the  department.  In  short  the  depart- 
ment is  able  to  live  up  to  the  water  ordinance  to  the  letter.  It  is 
not  a  mere  scrap  of  paper. 
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A  PRELIMINARY  ANALYSIS  OF  THE  DEGREE  AND 
NATURE  OF  BACTERIAL  REMOVAL  IN  FIL- 
TRATION  PLANTS^ 

By  Abel  Wolman 

The  determination  of  a  law  of  bacterial  removal  by  rapid  sand 
water  filtration  plants  is  of  great  practical  importance  and  utility. 
Such  determinations  of  plant  efficiencies  are  valuable  as  indicators 
not  only  of  present  but  also  of  future  performance.  The  objection 
is,  however,  often  justly  raised  against  the  attempt  to  predict  quan- 
titatively the  possibilities  of  bacterial  removal,  that  existing  numeri- 
cal measures  of  performances  are  misleading  and  in  some  cases  even 
harmful.  The  calculation  of  percentage  removal  from  raw  water  to 
effluent  is  an  illustration  of  the  type  of  measure  which  has  arithmeti- 
cal accuracy,  but  little  logical  basis.  It  is  quite  evident,  however, 
that  it  would  be  desirable  to  measure  quantitatively  the  performance 
of  a  plant  in  such  a  way  as  to  obtain  a  comparative  conception  of  how 
well  or  how  badly  it  is  being  operated. 

Since  at  present  no  agreement  exists  among  operators,  designers, 
or  public  health  officials  as  to  a  standard  of  "good  performance," 
because,  in  the  past,  agreement  has  been  prevented  by  the  inter- 
minable search  for  a  "standard  effluent,"  itself  the  subject  of  dis- 
agreement, it  becomes  necessary  to  attack  the  problem  of  rating  or 
standardizing  plant  accomplishment  from  another  angle.  In  this 
discussion,  an  initial  search  is  made  for  certain  basic  characteristics 
of  rapid  sand  filtration.  The  term,  rapid  sand  ffltration,  is  here  used 
more  broadly  than  usually,  to  describe  the  entire  process  from  pre- 
liminary coagulation  through  sedimentation  or  settling,  ffltration, 
and  disinfection. 

The  measure  of  variable  phenomena  by  comparison  with  ideal  or 
"normal"  conditions  is  a  procedure  common  to  scientific  analysis. 
The  application  of  this  method  offers  here  a  fruitful  means  of  testing 
our  ideas  of  filtration  efficiency.  The  first  problem  obviously  con- 
sists in  the  attempt  to  determine  a  possible  correlation  between  the 

^Read  before  the  St.  Louis  Convention,  May  15,  1918. 
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number  of  bacteria  in  the  final  effluent  of  a  filtration  plant  and  the 
number  in  the  raw  water.  A  numerical  statement  of  the  problem 
should  be  clearer.  If  a  plant  uses  a  raw  water  containing  500  bac- 
teria per  cubic  centimeter  and  produces  an  effluent  containing  10  per 
cubic  centimeter,  will  the  same  plant  produce  an  effluent  of  20  per 
cubic  centimeter  when  the  raw  water  content  is  1000  per  cubic  centi- 
meter? Can  one  predict,  in  other  words,  with  any  degree  of  precision, 
what  effluent  counts  should  be  normally  attainable  with  varying  raw 
water  counts? 

The  use  of  a  "percentage  efficiency''  is  of  but  little  value  in  the 
solution  of  this  problem,  since  that  measure  is  predicated  upon  the 
very  assumption  that  the  effluent  counts  vary  directly,  rather  than 
more  complexly,  with  raw  water  counts.  The  fallacy  in  this  view 
need  hardly  be  demonstrated  at  this  late  period  in  the  development 
of  filtration  practice. 

The  norm  or  ideal  performance  from  which  it  is  possible  to  obtain 
hypotheses  as  to  standard  empirical  accomplishment  is  not  difficult 
to  deduce.  The  "normal  empirical  performance"  may  be  defined  as 
the  accomplishment  of  a  filtration  plant  which  is  known  to  be  oper- 
ating successfully.  Successful  operation  can  be  said  to  exist  wherever 
there  is  an  unquestioned  superior  bacteriological  and  physical  quality 
of  effluent,  consistent  performance,  excellent  control,  and  scientific 
observation  of  operating  details.  Plants  whose  performance  may  be 
used  as  the  basis  for  comparison  and  for  the  derivation  of  the  law  of 
bacterial  removal,  are  not  at  all  rare.  In  this  analysis,  the  operating 
statistics  of  the  filtration  plant  at  Avalon,  Maryland,  owned  by  the 
Baltimore  County  Water  &  Electric  Company  and  operated  by  S.  T. 
Powell,  were  used. 

This  plant  obtains  its  raw  water  from  the  Patapsco  River,  a  highly 
polluted  stream,  ranging  in  turbidity  during  the  year  from  0  to  5000 
parts  per  million  and  in  bacterial  content  (20**C.  gelatine-48  hours), 
from  several  hundred  to  150,000  per  cubic  centimeter.  The  water- 
shed of  the  stream  is  composed  largely  of  cultivated  areas,  with  no 
large  sewage  polluting  influences.  This  water  is  treated  with  alu- 
minum sulphate,  at  an  average  rate  of  0.8  grain  per  gallon,  and  is 
then  allowed  to  settle  for  four  hours.  After  leaving  the  sedimenta- 
tion basin  it  is  treated  with  calcium  hypochlorite  with  an  average 
dose  of  0.34  part  per  million,  and  then  passes  through  the  rapid  sand 
filters  which  have  a  capacity  of  2,500,000  gallons  per  day. 
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The  plant  is  controlled  scientifically  by  a  trained  operator  with  the 
aid  of  modem  equipment  and  laboratory  observation.  During 
several  years  of  operation  the  bacterial  content  of  the  effluent  has 
not  exceeded,  at  any  time,  20  bacteria  per  cubic  centimeter.  Pre- 
sumptive tests  for  B.  coli  in  lactose  broth  have  indicated  positive 
tests  in  1  cc.  less  than  2  per  cent  of  the  time  during  any  year.    The 
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Fig.  1.  Bacterial  Removal  bt  the  Avalon  Rapid  Sand  Filtration  Plant 
During  1916  and  1917;  20  ^'C.  Bacterial  Counts  Used 

number  and  kinds  of  bacteria  are  determined  in  raw  water  and  final 
effluent  every  day  and  general  experimental  data  are  constantly 
collected. 

It  is  clear,  therefore,  that  the  plant  in  Baltimore  County  approaches 
so  closely,  from  the  standpoint  of  operating  results,  the  ideal  plant  as 
to  justify  the  use  of  its  performance  as  the  basis  of  a  law  of  filtration. 

In  order  to  determine  with  some  degree  of  accuracy  the  form  of  a 
characteristic  empirical  performance  curve,  the  results  of  raw  water 
and  final  effluent  counts  of  the  Avalon  plant  were  plotted  on  figure  1. 
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In  order  to  avoid  plotting  a  mass  of  points  which  would  tend  to  con- 
fuse the  reader,  seven-day  averages  of  both  stations,  rather  than 
daily  results  extending  over  a  period  of  nineteen  months  in  1916, 
1916,  and  1917,  were  used.  In  plotting  these  values,  approximately 
520  daily  analyses  were  summarized.  These  were  obtained  in  con- 
secutive months  and  under  every  phase  of  operating  conditions.  No 
counts  were  discarded  as  being  unfair  or  incorrect.  Figure  1  repre- 
sents, therefore,  the  normal  daily  performance  of  the  plant  for  more 
than  a  year  and  a  half. 

A  study  of  the  samples  plotted  on  figure  1  reveals  at  once  a  con- 
sistency of  arrangement.  It  is  clear,  too,  that  the  performance  of 
this  normal  plant  is  represented  by  the  curves  shown  on  figure  1. 
Inasmuch  as  these  curves  are  practically  straight  lines,  within  the 
limits  shown,  the  derivation  of  their  equation  is  simple.  The  equa- 
tion of  a  straight  line,  when  the  results  have  been  plotted  on  a  log- 
arithmic basis,  is  given  by :  c  =  log  y  -r-  log  x,  where  c  is  a  constant 
for  this  particular  plant,  and  y  and  x  are  respectively  the  raw  water 
and  final  effluent  counts. 

It  would  appear,  therefore,  that  the  "normal  empirical  perform- 
ance" is  represented  by  a  curve  having  the  equation:  y  =  x^,  A 
tentative  hypothesis,  with  regard  to  bacterial  removal  by  filtration 
action,  may  be  promulgated,  therefore,  as  follows:  The  final  effluent 
count,  under  normal  operating  conditions,  is  an  exponential  function 
of  the  raw  water  count.  This  hypothesis  provides  a  means  of  deter- 
mining whether  or  not  a  plant  under  scrutiny  is,  at  least,  "performing 
normally,"  where  normal  performance  would  be  interpreted  as  con- 
formity to  the  logarithmic  curve  of  filtration.  Figure  2  illustrates, 
for  instance,  the  failure  of  plant  A  to  perform  its  function  efficiently. 
By  comparing  the  points  on  figure  2  showing  the  operating  statistics 
of  plant  A  with  the  points  and  the  form  of  resultant  curves  in  figure 
1,  it  becomes  clear  that  the  plant  A  is  erratic  in  performance  in  so  far 
as  the  graphic  representation  of  its  operation  departs  from  what  we 
have  reason  to  believe  is  a  characteristic  form  of  ideal  curve  of 
bacterial  removal. 

The  "normal  performance"  curve  demonstrates  the  fallacy  of 
assuming  that  the  difficulty  of  removal  of  bacteria  is  relatively  the 
same  regardless  of  the  number  of  bacteria  in  the  raw  water.  Al- 
though this  assumption  is  rarely  publicly  proclaimed,  it  is  usually 
smnmoned,  however,  to  the  aid  of  those  plants  which,  for  one  reason 
or  another,  are  so  unsuccessful  as  to  require  a  specious  hypothesis 
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fairly  reasonable  to  the  layman,  to  support  their  claims  to  maximum 
eflSciency  of  99  per  cent  plus.  The  practical  results  of  a  scientifically 
controlled  plant  certainly  seem  to  lead  to  the  conclusion  that  in- 
creases in  raw  water  bacterial  content  decrease  the  corresponding 
bacterial  content  interval  in  the  final  effluent. 

It  should  be  added,  too,  that  the  equation  of  normal  performance, 
y  =  x«,  offers  a  new  quantitative  measure  of  the  efficiency  of  any 
plant,  obtained  by  evaluating  in  any  case  the  constant,  c.   Such  a 
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Fig.  2.  Inconsistbnct  of  Performance  of  Plant  A  as  Indicated 
BT  20*C.  Counts 

measure,  among  other  qualities,  has  the  advantage  of  a  rational  basis 
and  of  a  practical  significance.  Its  use  has  been  discussed  elsewhere' 
by  the  author. 

What  absolute  value  this  constant,  c,  or  the  so-called  "coefficient 
of  efficiency,"  should  attain  is  dependent  upon  individual  opinion  of 
"good  performance."  It  is  of  interest  to  note,  however,  that,  in  a 
survey  of  19  rapid  sand  filtration  plants,  varying  in  size  from  2.2  to 
80.0  million  gallons  filtered  per  day,  the  coefficient  of  efficiency  of 
these  plants  has  attained  an  annual  average  of  over  2.5.    The  raw 

*Jour.  Amer,  Pub.  Health  Assoc,  November,  1916. 
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waters  which  these  plants  had  to  treat  contained  turbidities  ranging 
from  an  annual  average  of  1  to  561  parts  per  million,  and  average 
bacterial  contents  from  360  to  16,500  per  cubic  centimeter.  The  19 
plants  chosen,  therefore,  for  the  evaluation  of  c,  are  representative, 
in  their  initial  conditions,  of  rapid  sand  filtration. 

The  probable  existence  of  the  law  of  filtration,  y  =  x**,  combined 
with  known  values  of  c,  practically  attainable,  gives  the  investigator 
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of  filtration  plant  accomplishment  the  fundamental  criteria  with 
which  to  measure  both  the  character  and  the  amount  of  removal  in 
any  particular  plant.  The  objection  may  be  raised  to  the  above 
method  of  critical  standardization  of  plants,  that  all  do  not  function 
in  a  similar  manner,  on  account  of  differences  in  raw  water,  resulting 
from  peculiarities  of  suspended  matter,  variations  in  resistance  of 
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bacteria,  and  other  similar  factors.  This  objection  does  not  seem  to 
the  author  to  be  entirely  valid,  since  peculiar  characteristics  of  raw 
water  are  usually  provided  for  by  variations  in  design,  such  as  in- 
creased periods  of  sedimentation  and  greater  doses  of  disinfectant. 
It  is  reasonable  to  suppose,  therefore,  that  given  plants,  initially 
properly  designed  for  local  conditions,  should  function  according  to 
some  common  law,  since  death  rates  ubder  disinfection,  devitaliza- 
tion and  sedimentation  and  filtration  of  bacteria  differ  in  the  degree, 
but  not  in  the  kind,  of  changes  effected. 

The  preliminary  theory  of  bacterial  removal  by  filtration  is  sup- 
ported by  the  curves  shown  in  figure  3,  where  are  plotted  the  average 
monthly  results  from  several  large  rapid  sand  plants  in  the  United 
States.  The  monthly,  instead  of  the  weekly,  results  are  used  since 
the  latter  were  not  obtainable.  The  form  of  curve  would  be  the  same 
in  both  instances,  while  the  value  of  the  constant  may  change.  It  is 
quite  obvious  that  each  plant  follows  in  its  performance  the  char- 
acteristic y  =  x^  curve. 

Since  the  death-rate  of  bacteria  under  the  action  of  disinfectants, 
and  under  well  defined  conditions,  has  beenshown,^  to  follow  in  general 

1  y 

the  law:  c  =  ; 7  log  ",  it  will  be  necessary  to  look  for  the  causa- 

12    =    ti  X 

tive  factors  of  the  y  —  x^  law  in  other  phases  of  the  system  of  rapid 
sand  filtration.  It  is  the  author's  purpose  to  study  further  the  bac- 
terial removal  in  the  individual  and  distinct  processes  of  coagulation, 
sedimentation,  and  filtration  proper,  with  a  view  to  throwing  further 
light  on  the  problem  of  causation.^ 

«H.  Chick,  Jour,  of  Hygiene,  Vol.  8,  1908;  Vol.  10,  1910. 
^Strictly  speaking,  the  equation  of  a  straight  line  curve  plotted  on  logarith- 
mic axes  is:  y  =»  bx^,  where  b  is  the  intercept  on  the  y  axis.    In  that  case,  e 

becomes ; rather  than  r Log  6  is  infinitely  small  in  our 

log  X  log  2; 

particular  problem,  since  6,  the  intercept  on  the  y  axis,  would  be  equivalent 

to  those  raw  water  counts  which  produce  resultant  final  effluent  counts  of  one. 

Since  zero  counts  are  rarely  obtained  in  filtration  plants,  even  with  extremely 

low  raw  water  counts,  it  is  conceivable  that  the  performance  curve  in  the 

"normal  operation''  described  above  would  intercept  the  y  axis  at  some  point 

approaching  unity.    Log  6,  therefore,  would  approach  zero  and  could  be  neg- 

log    y 

lected  in  the  evaluation  of  c.    It  is  evident,  therefore,  that  c  =-; meas- 

log  X 

ures  in  each  case,  with  sufficient  accuracy,  the  slope  or  inclination  of  the  per- 
formance curve,  the  significant  index  to  the  efficiency  of  bacterial  removal. 
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SOME  ASPECTS  OF  CHEMICAL  TREATMENT  AT 
ST.  LOUIS  WATER  WORKS^ 

By  a.  V.  Grap 

The  principal  streams  contributing  to  the  water  supply  of  the 
city  of  St.  Louis  are  the  Mississippi,  Illinois  and  Missouri  Rivers. 
The  Illinois  River  enters  the  Mississippi  33  miles  north  of  the  in- 
takes at  the  Chain  of  Rocks  and  in  traversing  this  distance  a  more  or 
less  intimate  mixture  of  the  two  waters  is  effected.  The  Missouri 
River  enters  the  Mississippi  5}  miles  porth  of  the  intakes  and  causes  a 
pressing  of  the  Mississippi  River  water  upon  the  east  bank  of  the 
river  and  in  this  way,  as  a  rule,  very  little  mixing  of  the  two  waters 
occurs  by  the  time  the  water  reaches  the  intakes.  At  times  the 
turbidity  of  the  water  on  the  west  side  of  the  river  is  ten  times  as 
great  as  that  of  the  water  on  the  east  side,  and  at  other  times  the 
color  of  the  east  water  is  25  parts  per  million  greater  than  that  of  the 
west  water,  showing  the  incompleteness  of  the  mixing  of  the  two 
waters.  With  a  high  stage  in  either  river  and  a  low  stage  in  the 
other,  the  mixing  of  the  waters  is  more  complete. 

The  waters  in  each  of  these  rivers  have  certain  characteristics 
which  become  of  greater  or  less  interest  as  the  stages  of  the  rivers 
vary.  The  Mississippi  River  drainage  area  being  covered  with 
tfwamps,  the  water  in  this  river  becomes  highly  colored  at  times  of 
heavy  run-off,  while  the  Illinois  River,  carrying  a  large  amount  of 
sewage,  contains  colloidal  organic  matter  which  seems  to  act  as  a 
protective  colloid  on  the  turbidity  carried  by  this  rivei.  The  water 
in  the  Missouri  River,  always  turbid,  becomes  much  more  so  at  times 
of  heavy  run-off.  The  dissolved  solids  in  these  waters  vary  con- 
siderably but  dissolved  solids  offer  no  difl5culty  in  the  treatment  of 
the  water  and  are  therefore  of  less  interest. 

The  river  water  enters  the  plant  through  two  intakes,  one,  the 
old  or  west  intake,  1500  feet  east  of  the  west  bank  of  the  river  and 
connected  to  the  wet  well  by  a  7-foot  circular,  brick-lined  tunnel, 
2197  feet  long.    The  other,  or  east  intake,  is  700  feet  east  and  200 

^Read  before  the  St.  Louis  Convention  May  15,  1918. 
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feet  north  of  the  west  intake  and  is  connected  to  the  wet  well  by  an 
8-foot  circular,  concrete-lined,  tunnel  2747  feet  long. 

The  water  drawn  through  the  west  intake  is  principally  Missouri 
River  water  for  the  greater  part  of  the  year,  while  the  water  drawn 
through  the  east  intake  is  that  of  the  mixture  of  the  Mississippi  and 
Illinois  River  waters,  although  at  times  the  water  at  both  intakes  is 
practically  the  same  both  chemically  and  physically. 

The  east  intake  was  in  service  only  ninetynseven  days  during  the 
past  year  whereas  the  west  intake  was  used  for  three  hundred  and 
fifty  days.  Because  of  the  greater  difficulty  of  treating  the  water 
from  the  east  intake,  this  is  not  used  imless  low  stages  of  the  river  or 
anchor  ice,  or  both,  are  affecting  the  pumping. 

The  water  entering  the  tunnels  flows  by  gravity  to  the  wet  well, 
whence  it  is  pumped,  against  a  dynamic  head  of  58.3  feet,  into  the 
delivery  well  and  flows  from  there  to  the  grit  chamber  where  the 
average  velocity  of  flow,  at  a  rate  of  pumping  of  150,000,000  gallons 
per  day,  is  only  0.33  foot  per  second.  In  this  chamber  the  coarser 
and  heavier  part  of  the  suspended  matter  is  deposited,  the  amount 
removed  depending  upon  the  character  of  the  suspended  matter  as 
well  as  upon  the  amount  present  in  the  water.  The  efficiency  of  the 
grit  chamber  is  shown  in  the  fineness  of  the  material  removed,  over 
50  per  cent  of  the  matter  deposited  passing  a  lOO^nesh  sieve.  The 
tons  of  matter  removed  by  the  grit  phamber  during  the  past  year  was 
63,703  or  23  per  cent  of  the  total  suspended  matter  present  in  the 
water. 

Leaving  the  grit  chamber,  the  water  flows  through  a  short  conduit 
to  the  mixing  chamber,  where  milk  of  lime  and  a  solution  of  sulphate 
of  iron  are  added.  These  chemicals  are  prepared  in  the  coagulant 
house  for  addition  to  the  water  and  are  pumped  a  distance  of  900 
feet  to  the  mixing  chamber. 

The  lime  is  weighed  out  in  automatic  scales  and  is  dmnped  into 
circular  slaking  tanks  which  are  provided  with  revolving  rakes. 
The  temperature  of  the  milk  of  lime  in  the  slaking  tank  is  kept  at 
200^F.  This  is  accomplished  by  keeping  up  the  temperature  of  the 
fresh  water  supply  by  passing  it  through  the  coils  of  a  heater  tank 
into  which  the  milk  of  lime  at  200®  is  drawn.  From  4  to  4}  pounds 
of  water  per  pound  of  lime  are  used  in  slaking.  The  water  over- 
flowing from  the  water  tank  is  run  into  a  cooling  and  diluting  box, 
where  the  temperature  is  reduced  to  as  low  as  64®  in  winter  time  to 
108®  in  sununer.  The  strength  of  the  milk  of  lime  as  pumped  is 
38,600  parts  per  milUon  of  CaO. 
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A  slaker  tank  is  kept  in  service  until  the  accumulated  unslakeable 
material  is  great  enough  to  impede  the  motion  of  the  rakes.  From 
50  to  150  tons  of  lime  are  slaked  before  a  tank  is  taken  out  of  service, 
the  amount  depending  upon  the  purity  of  the  lime.  Tests  made  to 
determine  the  effect  of  limes  of  varying  percentages  of  CaO  upon  the 
amount  of  lime  that  could  be  slaked  before  a  slaking  tank  had  to  be 
taken  out  of  service,  showed  that  for  every  increase  of  1  per  cent  in 
the  available  CaO,  above  the  lowest  lime  tested,  an  additional  10  tons 
could  be  slaked.  Contracts  for  lime  are  let  imder  a  specification 
requiring  a  lime  of  85  per  cent  CaO,  with  a  bonus  or  penalty  of  1.6 
per  cent  for  each  1  per  cent  above  or  below  the  required  85  per  cent. 

The  sulphate  of  iron  is  measured  by  passing  it  tlu*ough  an  adjust- 
able orifice  onto  the  surface  of  a  cylindrical  drum,  revolving  at  a 
constant  speed  and  is  discharged  in  a  continuous  flow  into  a  tank, 
where  it  is  dissolved  without  stirring,  by  water  entering  through  a 
manifold  at  the  bottom  of  the  tank,  the  solution  being  drawn  off 
through  an  overflow. 

The  mixing  conduit  into  which  the  chemicals  are  deUvered  is  a 
reinforced  concrete  box,  2382  feet  long,  32  feet  1  inch  wide  and  12 
feet  6  inches  high,  divided  longitudinally  into  four  compartments, 
each  7  feet  wide  and  11  feet  high.  The  four  compartments  are 
supplied  with  stop-plank  openings  so  that  they  may  be  thrown  in 
parallel,  used  in  series  or  withdrawn  from  service  for  cleaning.  In 
normal  operation  the  water  enters  the  west  channel  and  travels  the 
f uU  length  four  times,  a  total  of  9528  feet,  having  an  average  velocity 
of  3.3  feet  per  second  when  the  rate  of  pumping  is  150,000,000 
gallons  a  day. 

Provision  is  made  so  that  the  lime  or  iron  may  be  added  to  either 
of  the  four  compartments,  but  the  lime  is  added,  for  the  greater 
part  of  the  time,  to  the  raw  water  as  it  enters  the  mixing  conduit 
and  the  sulphate  of  iron  as  it  leaves  the  conduit.  The  period  of 
mixing  averages  about  one  hour.  The  sides  and  bottoms  of  the 
first  two  compartments  are  badly  coated;  the  coating  on  the  sides 
is  practically  all  calcium  and  magnesium  carbonates  and  magnesium 
hydroxide  while  the  bottom  coating  consists  of  the  sand  and  un- 
slakeable material  present  in  the  lime  added,  bound  together  by  the 
precipitated  calcium  carbonate  and  magnesium  hydroxide. 
I  The  value  of  the  mixing  chamber  is  shown  by  an  occurrence  of  last 
year.  A  leak  in  the  south  end  of  the  mixing  conduit,  due  to  the 
failure  of  the  contractor  to  properly  plug  a  drain,  caused  the  conduit 
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to  be  taken  out  of  service.  The  water  was  passed  from  the  deUvery 
well  direct  to  the  first  of  the  sedimentation  basins,  the  sulphate  of 
iron  being  added  in  the  tunnel  at  the  coagulant  house  and  the  milk 
of  lime  at  the  deUvery  well. 

The  turbidity  of  the  water  in  the  deUvery  well  was  2500  at  the  time 
and  the  turbidity  of  the  water  in  the  last  of  the  sedimentation  basins 
was  20,  the  amounts  of  chemicals  added  being  6.25  grains  of  lime  per 
gallon  and  0.25  grain  of  sulphate  of  iron.  After  the  mixing  conduit 
was  taken  out  of  service,  the  sulphate  of  iron  was  increased  to  2.50 
grains  per  gallon,  the  lime  remaining  the  same.  In  forty  hours  the 
turbidity  of  the  water,  in  the  last  of  the  sedimentation  basins,  in- 
creased to  40,  the  turbidity  of  the  river  water  remaining  practically 
the  same  as  on  the  preceding  days.  By  adding  ten  times  the  amount 
of  sulphate,  the  results  were  still  inferior  to  what  was  accomplished 
with  the  mixing  conduit  in  use.  The  additional  cost  due  to  the  use 
of  a  larger  amoimt  of  sulphate  of  iron  while  the  conduit  was  out  of 
service,  one  and  one-half  days,  was  $390. 

The  points  of  appUcation  of  the  milk  of  lime  and  sulphate  of  iron 
depend  upon  the  condition  of  the  raw  water.  With  a  water  hi^  in 
color  and  low  in  turbidity  the  iron  is  added  before  the  lime  with  good 
results.  If  the  high  color  is  accompanied  by  a  turbidity  of  200  to 
300  parts  per  miUion,  better  results  are  obtained  by  adding  the  sul- 
phate of  iron  as  the  water  leaves  the  mixing  conduit.  With  high 
turbidity  the  lime  is  always  added  at  the  first  opening  and  the  sul~ 
phate  of  iron  at  the  last.  With  low  color  and  low  turbidity  due  to 
colloidal  matter,  the  sulphate  of  iron  is  added  at  the  third  opening, 
which  allows  a  mixing  through  one-half  of  the  conduit.  At  times 
with  finely  divided  suspended  matter  in  the  raw  water,  the  only 
sedimentation  that  takes  place  is  accomplished  in  the  first  basin,  the 
turbidity  of  the  water  in  the  last  of  the  sedimentation  basins  being  as 
great  as  that  of  the  water  leaving  the  first  basin. 

With  high  stages  in  the  Mississippi  and  Illinois  Rivers  and  a  low 
stage  in  the  Missouri,  the  worst  condition  is  encountered.  The  hig^ 
color  of  the  Mississippi  together  with  the  colloidal  matter  in  the 
Illinois  make  a  water  hard  to  handle.  The  use  of  sulphate  of  iron,  as  a 
coagulant,  at  these  times  is  accompanied  by  some  difficulty.  The 
coloring  matter  of  the  water  combines  with  the  iron  and  instead  of  a 
diminution  in  color,  the  color  is  increased.  The  suspended  matter 
being  really  colloidal  and  some  of  the  iron  hydroxide  remaining  in  the 
colloidal  condition,  the  turbidity  of  the  water  after  sedimentation  is 
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greater  than  that  of  the  river.  This  highly  colored  and  turbid  water 
is  much  less  amenable  to  treatment  with  sulphate  of  alumina.  The 
amount  of  sulphate  of  alumina  required  to  give  the  required  floccu- 
lation  of  the  suspended  matter  is  from  4  to  5  grains  per  gallon.  With 
this  large  amount  of  sulphate,  the  water  passing  the  filters  is  clear  but 
is  still  of  high  color,  the  iron  content  being  eight  to  ten  times  as  great 
as  normally.  At  times  when  this  condition  occurs,  no  reUef  is  ex- 
perienced until  the  Missouri  River  run-off  increases  and  thereby  gives 
a  turbid  water  which  offers  enough  suspended  matter  for  the  rapid 
subsidence  of  the  floe  of  ferric  hydroxide.  The  more  turbid  the 
water  at  the  intakes,  the  less  trouble  there  is  with  turbidity  causing 
material  remaining  in  suspension. 

After  passing  through  the  mixing  conduit,  the  water  enters  the  first 
of  six  sedimentation  basins,  each  400  feet  long  by  670  feet  wide,  of 
30,000,000  gallons  capacity.  The  first  three  division  walls  have  five 
stop-plank  openings  and  the  last  two  four  openings,  all  4J  feet  deep 
by  8  feet  long.  These  openings  render  the  sedimentation  basins  less 
efl5cient  than  would  wiers  extending  the  full  width  of  the  basins,  but 
because  of  the  necessity  of  maintaining  an  elevation  of  the  water  but 
little  lower  then  the  top  of  the  basins,  the  need  of  stop-plank  openings 
at  times  of  cleaning  is  apparent.  The  time  of  sedimentation,  based 
upon  the  capacity  of  the  basins,  varies  from  thirty  to  forty-three 
hours,  but  the  actual  time  is  much  less,  the  effects  of  a  change  in  the 
amounts  of  chemicals  added  being  noticeable  in  twelve  to  fifteen  hours 
in  the  last  of  the  basins.  About  90  per  cent  of  the  suspended  matter 
and  bacteria  are  removed  in  the  first  basin  and  9  per  cent  in  the  re- 
maining basins. 

The  total  amount  of  matter  removed  from  the  water  during  the 
past  year,  including  the  chemicals  added  and  the  dissolved  solids 
removed,  amounted  to  326,775  tons  or  484,111  cubic  yards.  Some 
of  the  mud  was  removed  by  opening  the  sewer  gate  for  one-half  hour 
at  varjring  intervals  but  the  greater  part  was  removed  from  the  basins 
by  labor  and  teams.  The  teams  are  used  to  draw  scrapers  which  cut 
off  portions  of  the  mass  of  mud  and  drag  them  to  the  central  gutter, 
through  which  water  is  flowing.  The  men  are  provided  with  scrapers 
which  are  used  as  such  and  also  as  braces  to  keep  small  A-shaped  boxes 
in  place,  as  the  mud  drawn  by  the  horses  and  the  water  used  to  aid  in 
removing  the  mud  are  drawn  by  the  boxes.  The  cost  of  the  removal 
of  the  mud  from  the  sedimentation  basins,  not  including  the  cost  of 
the  water,  was  0.762  cent  per  cubic  yard  for  the  past  year. 
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The  water  leaving  the  sedimentation  basins  enters  a  collecting  con- 
duit and  passes  through  two  8-foot  Venturi  meters  and  into  a  small 
secondary  coagulation  basin,  connected  to  secondary  sedimentation 
basins  by  stop-plank  openings.  The  solution  of  sulphate  of  alumina 
is  added  at  the  throat  of  the  meters  and  is  automatically  controlled 
so  that  the  quantity  added  per  unit  is  constant  for  any  setting,  re- 
gardless of  fluctuations  in  the  flow  through  the  meters. 

No  mixing  chamber  is  provided  here  because  of  the  low  permissible 
loss  of  head,  namely,  IJ  feet.  There  are  two  secondary  sedimentation 
basins,  one  east  of  the  filter  plant  and  one  north,  each  of  which  is  con- 
nected to  the  influent  flume  of  the  filters.  The  time  of  reaction  and 
sedimentation,  based  on  capacity,  is  twelve  hours  with  both  basins  in 
service  and  six  hours  with  one.  The  water  entering  tiie  secondary 
coagulation  basins  being  usually  of  a  turbidity  less  than  20,  Uttle 
sedimentation  takes  place.  It  is  not  expected  that  these  basins  will 
need  cleaning  for  some  years. 

The  water  entering  the  filter  plant  is  passed  through  40  filters, 
each  with  a  filtering  area  of  1400  square  feet,  of  4,000,000  gallons 
capacity.  The  filtering  media  consist  of  30  inches  of  sand  above  12 
inches  of  graded  gravel.  The  effective  size  of  the  filter  sand  as  placed 
in  the  filters  was  0.341  mm.,  with  a  uniformity  coefficient  of  1.81. 
The  effective  size  has  increased  to  0.407  mm.  and  the  imiformity  co- 
efficient has  been  reduced  to  1.45  due  to  the  coating  of  the  sand  grains 
by  material  having  the  following  composition: 

p«r  cent 

CaCX). 76.00 

Al,  (OH),  and  Fe  (OH). 15.00 

Mg  (OH), 9.00 

Liquid  chlorine,  in  the  form  of  chlorine  water,  is  added  after  filtra- 
tion in  a  chamber  in  which  the  filtered  water  from  the  three  connec- 
tions to  the  effluent  flume  is  combined.  Two  conduits,  one  a  7-foot 
J-inch  steel  tube,  the  other  a  brick  and  masonry  conduit  9  feet  high 
and  11  feet  wide,  are  connected  to  this  chamber.  These  conduits 
convey  the  water  to  the  pumping  stations  at  Bissell's  Point  and  Baden. 
The  bacterial  reductions  caused  by  the  chlorine  were  far  from  satis- 
factory until  a  baffle  was  built  in  the  chamber  to  aid  in  mixing  the 
chlorine  with  the  water. 

The  reduction  in  bacteria  in  the  water  flowing  through  the  steel 
line  is  always  less  than  in  the  water  in  the  brick  conduit.    Charges 
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of  chlorine  great  enough  to  give  tests  for  free  chlorine  in  the  water  in 
the  brick  conduit,  three  hours  after  treatment,  give  no  test  in  the 
steel  line  three  minutes  after.  The  disappearance  and  ineffective- 
ness of  the  chlorine  in  the  water  entering  the  steel  line  is  attributed  to 
the  steel  of  the  line.  The  Electro  Bleaching  Gas  Company  suppUes 
the  liquid  chlorine  which  is  measured  and  controlled  by  the  liquid 
type  meter  apparatus  also  suppUed  by  this  company. 

The  accompanying  operation  record  for  the  year  ending  February 
28,  1918,  shows  very  clearly  the  kind  of  water  treated,  the  improve- 
ment in  the  condition  of  the  water  for  each  step  of  the  purification 
system,  the  amounts  of  chemicals  used  and  other  details  of  operation. 

Cost  of  operations  per  million  gallons,  St.  Louis 


Old  purification  planL' 

Lime 

Iron 

Operating  and  miscellaneous  expenses. 

New  purification  planL' 

Aluminum  sulphate 

Chlorine 

Operating  and  miscellaneous  expenses. 

Total  cost  for  purification 

Pumping 


1918 

1W7 

Chain  of  rocks 

$3.20 
8.984 
6.825 

$2,437 

Baden. 

7.134 

BisseU's  Point 

5.308 
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THE  DOUBLE  48-INCH  MANIFOLD  AT  BISSELL'S  POINT, 

ST.  LOUIS 

By  C.  M.  Daily 

A  brief  history  of  the  St.  Louis  water  works  will  be  given,  to  enable 
the  reader  to  understand  the  changing  and  growing  conditions  lead- 
ing up  to  the  present  state  of  affairs  which  requires  ffexibiUty  in  the 
pumping  from  no.  2  engine  house  at  Bissell's  Point.  To  obtain  the 
desired  flexibility  a  chamber  containing  a  double  48-inch  manifold 
is  now  under  construction  about  129  feet  west  of  no.  2  pumping 
station. 

In  the  history  of  the  St.  Louis  water  works,  the  four  years  between 
1867  and  1871  formed  a  constructive  period,  during  which  time  was 
built  the  new  pumping 'Nation  at  Bissell's  Point,  consisting  of  an 
intake  tower,  settUng  basins,  low-service  pumping  station,  clear  well 
and  no.  1  high  service  station.  During  this  same  period  the  stand- 
pipe  on  Grand  Avenue  and  Compton  Hill  Reservoir  were  constructed. 

In  1884  a  second  standpipe  at  Blair  Avenue  and  Bissell's  Avenue 
and  the  second  highnservice  station  at  Bissell's  Point  were  built. 
Another  construction  period  was  from  1887  to  1895;  during  this  time 
an  intake  tower,  tunnel,  low-service  pumping  station  and  six  settling 
basins  were  constructed  at  the  Chain  of  Rocks  and  a  9-  to  11-foot 
brick  conduit  connecting  the  settling  basins  at  the  Chain  of  Rocks  with 
the  settling  basins  at  Bissell's  Point,  having  a  total  length  of  7  miles, 
were  built.  A  third  high-service  station  was  constructed  at  Baden, 
3.4  miles  north  of  Bissell's  Point,  in  1898,  and  in  1905  a  storage  reser- 
voir at  Baden  and  a  7-foot  steel  flow  line  connecting  with  the  settling 
basins  at  the  Chain  of  Rocks  were  built. 

After  the  low-service  station  at  the  Chain  of  Rocks  was  in  use  the 
intake  tower  and  the  old  low-service  station  at  Bissell's  Point  were 
abandoned,  the  settling  basins  becoming  storage  reservoirs.  The 
three  high-service  stations  received  their  supply  of  water  from  the 
Chain  of  Rocks  by  gravity  flow  through  a  11-foot  brick  conduit  and  a 
7-foot  steel  pipe  to  Baden  and  through  a  9-foot  brick  conduit  from 
Baden  to  Bissell's  Point.    The  loss  of  head  was  about  1  foot  in  10,000. 
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The  high-service  stations  at  Bissell's  Point  carried  85  pounds  pres- 
sure per  square  inch  and  suppUed  the  lower  sections  of  the  city, 
Ck)mpton  Hill  storage  reservoir  floating  on  the  line.  Baden  high- 
service  station  carries  125  pound  pressure  per  square  inch  and  sup- 
plies the  higher  portions  of  the  city.  A  standpipe  at  Compton  Hill, 
erected  in  1899,  is  connected  to  the  Baden  line. 

From  time  to  time  additional  equipments  were  added  to  the  three 
high-service  stations  imtil  1911,  when  it  became  necessary  to  increase 
the  capacity  of  both  the  Baden  and  Bissell's  Point  service.  At  this 
time  the  stations  were  equipped  as  follows:  At  Baden  there  were 
six  triple  expansion  crank-and-fly-wheel  engines  four  of  which  are 
rated  at  15,000,000  gallons  per  day,  and  two  at  10,000,000  gallons 
per  day,  the  continuous  working  capacity  being  about  50,000,000 
gallons.  At  Bissell's  Point  station  no.  1  there  were  three  triple  ex- 
pansion crank-and-fly-wheel  engines  having  a  continuous  working 
capacity  not  exceeding  38,000,000  gallons  per  day.  At  station  no.  2 
there  were  three  walking-beam  engines  built  between  1884  and  1887, 
each  having  a  nominal  capacity  of  16,000,000  gallons  per  day,  the 
continuous  working  capacity  not  exceeding  30,000,000  gallons. 

The  problem  presenting  itself  in  the  Water  Department  at  that 
time  was  to  increase  the  output  of  both  Baden  and  Bissell's  Point 
service  to  meet  the  increasing  demands.  To  increase  the  capacity 
of  Baden  station  it  would  have  been  necessary  to  build  an  additional 
engine  house  and  a  long  36-inch  service  main  to  reach  the  center  of 
the  distributing  area.  At  Bissell's  Point  station  no.  2  the  fact  that 
the  engines  had  a  very  low  efficiency  (about  65,000,000  foot  poimds 
per  1000  poimds  of  steam)  justified  their  replacement.  The  distance 
to  the  center  of  the  high  pressure  distribution  area  being  closer, 
requiring  a  shorter  and  therefore  cheaper  36-inch  main,  the  loss  of 
head  in  the  conduit  being  much  less  than  in  the  36-inch  pipe  made  it 
more  economical  to  pump  from  Bissell's  Point,  except  in  the  northern 
and  north-western  part  of  the  city,  than  from  Baden.  It  was,  there- 
fore, proper  from  an  economical  standpoint  to  increase  Bissell's 
Point  station  no.  2  rather  than  Baden  station.  The  final  decision 
was  to  change  Bissell's  Point  station  no.  2  to  work  on  both  the  Baden 
service  and  the  Bissell's  Point  service. 

To  carry  out  this  plan  the  three  old  engines  were  removed  and  two 
20,000,000  gallon  Holly  triple-expansion  crank-and-fly-wheel  engines 
were  installed  in  1913  and  one  20,000,000  gallon  centrifugal  pump  was 
installed  in  1915.    The  three  pumps  were  designed  to  work  either  on 
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Baden  or  Bissell's  Point  service.  The  three  36-inch  discharge  pipes 
from  this  station  were  used  for  the  new  engines;  one  of  these  36-inch 
mains  was  connected  to  the  Baden  service  near  Grand  Avenue  tower 
and  the  other  two  mains  remained  on  Bissell's  Point  service. 

The  plan  to  install  two  more  20,000,000  gallon  engines  in  this  sta- 
tion would  require  extending  the  present  by-pass  arrangement  far 
beyond  its  present  limits  in  order  to  maintain  the  desired  flexibiUty 
of  pimiping.  This  would  require  more  space  than  there  is  available 
for  the  purpose.  After  various  schemes  were  proposed  and  studied, 
it  was  decided  to  make  the  necessary  by-pass  connections  through  a 
double  48-inch  cast  iron  manifold,  to  be  built  in  a  reinforced  concrete 
chamber  located  129  feet  west  of  no.  2  station. 

The  manifold  is  designed  to  acconmiodate  five  engines,  as  a  maxi- 
mimi,  pumping  into  either  Baden  or  Bissell's  Point  service  with  any 
engine.  It  is  composed  of  two  parallel  48-inch  flanged  cast  iron  pipes 
94  feet  long,  spaced  12  feet  apart  in  a  vertical  plane  and  erected  at 
right  angles  to  the  36-inch  mains  from  the  pumping  station.  The 
Baden  service  mains  connect  to  the  upper  manifold  and  the  Bissell's 
Point  service  mains  to  the  lower. 

Each  main  from  the  station  will  be  connected  to  both  upper  and 
lower  manifold  in  a  vertical  plane  by  means  of  a  Y-branch  introduced 
into  the  main  about  20  feet  east  of  the  manifold.  Each  branch  of 
each  main  will  have  a  hydraulic-operated  gate  valve  inside  the  con- 
crete chamber.  These  valves  will  be  operated  from  the  station,  per- 
mitting the  engineer  to  pump,  at  will,  into  the  85-pound  or  125- 
pound  service  mains. 

Thi'ee  hand-operated  and  two  hydraulic  36-inch  valves  are  placed 
on  the  service  mains  leaving  the  manifold  and  four  hand-operated 
48-inch  valves  placed  in  the  manifold  are  for  the  purpose  of  with- 
drawing part  of  the  system  for  any  necessary  repairs  or  inspection. 
The  manifold  is  designed  for  connecting  five  service  mains;  four 
mains  are  now  in  place.  The  present  plan  is  to  use  the  two  central 
mains  for  Bissell's  Point  service  and  the  north  main  for  Baden  serv- 
ice: the  south  main,  being  the  new  36-inch  steel  line,  for  both  Bis- 
sell's  Point  and  Baden  service,  the  by-pass  valves  for  this  purpose 
being  located  at  a  distant  point. 

The  manifolds  are  supported  on  steel  I  beams,  incased  in  concrete 
for  protection,  which  rest  on  the  side  walls  of  the  chamber.  The 
chamber,  whose  top  will  be  flush  with  the  ground  at  the  center,  is  102 
feet  long,  20  feet,  4  inches  wide  and  18  feet,  8  inches  deep,  all  inside 
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dimensions.  The  bottom  is  designed  to  distribute  the  weight  of  the 
chamber  and  manifold  over  the  entire  area,  the  side  walls  to  act  as  a 
vertical  beam  designed  to  withstand  water  pressure  on  the  outside  or 
one-half  that  pressure  on  the  inside;  horizontal  beams  at  the  top  of 
the  wall  transfer  the  reaction  of  the  wall  to  struts  or  ties  across  top. 
The  struts  or  tie  beams  act  also  as  roof  girders,  on  which  rest  remov- 
able reinforced  roof  beams  which  support  the  removable  roof  slab. 
The  roof  slabs  are  5  feet,  8  inches  by  5  feet,  2^  inches  and  4  inches, 
thick  and  are  provided  with  openings  for  eyebolt  connections  for  use 
in  handling.  The  bottom  of  the  chamber  is  lower  than  the  sewers  in 
its  locality,  and  the  drainage  is  effected  by  laying  a  12-inch  cast  iron 
pipe  to  the  sump  in  the  engine  house,  where  the  water  may  be  col- 
lected and  pumped  into  the  sewer. 

Actual  work  on  the  chamber  was  started  March  25,  1918.  The 
present  plan  is  to  make  the  excavation  and  build  about  44  feet  of  the 
soutii  end  of  the  chamber  without  removing  the  mains  within  this 
area.  The  reason  for  this  procedure  is  that  the  groimd-water  level 
varies  with  the  stage  of  the  Mississippi  River,  and  should  the  river 
rise  above  20  feet  on  the  St.  Louis  gauge  it  would  be  impracticable, 
if  not  impossible,  to  unwater  the  completed  excavation  without  in- 
curring heavy  expense.  Another  reason  is  a  possibility  of  not  being 
able  to  get  all  of  the  castings  for  the  manifold  before  the  demand  on 
the  pumping  reaches  a  high  point.  As  a  matter  of  safety  it  was 
thought  best  not  to  cripple  this  pumping  station  by  removing  any 
part  of  the  old  mains  until  it  was  certain  there  would  be  no  delay  in 
immediately  rebuilding  the  new  permanent  mains.  The  second  step 
involves  the  removal  of  the  old  mains  in  the  next  section  of  24  feet 
and  building  the  chamber  and  manifold  complete  for  this  distance. 
The  third  step  will  involve  the  removal  of  the  two  north  mains  and 
the  construction  of  the  remainder  of  the  chamber  and  manifold. 
Temporary  connection  may  be  made  from  no.  6  pump  to  the  com- 
pleted portion  of  the  manifold,  before  the  last  step  in  the  construc- 
tion is  started,  should  the  demand  on  the  station  at  the  time  warrant 
it  being  done. 

As  simple  as  the  construction  appears  from  the  description  given, 
the  work  is  viewed  by  the  Engineering  Department  as  a  diflScult 
operation,  due  chiefly  to  the  soft  treacherous  ground  which  must 
support  the  adjacent  36-inch  cast  iron  mains  imder  working  pressure 
while  the  excavation  is  being  made  and  the  reinforced  concrete  mani- 
fold chamber  is  under  construction. 
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The  excavation  is  being  made  wiih  a  clam  shell.  The  material  is 
dumped  into  flat  cars  and  transported  by  electric  cars  to  points  on 
the  Water  Works  property  where  a  fill  is  required,  and  unloaded  by 
hand.  The  excavation  is  lined  soUdly  with  2-inch  lumber  and  braced 
across  the  pit.  The  mains  encoimtered  in  the  excavation  are  sup- 
ported by  colunms  changed  from  time  to  time  in  order  to  keep  their 
footings  well  below  the  bottom  of  the  excavation.  The  groimd  water 
is  removed  by  a  4-inch  pulsometer.  So  far  very  little  trouble  has 
been  experienced  in  the,  construction,  ^he  work  is  being  done  by 
employees  of  the  Water  Department  under  the  author's  direction,  Mr. 
John  AUgeyer  acting  as  superintendent  of  the  work. 

The  estimated  cost  of  the  work  is  $74,000,  divided  among  the  vari- 
ous items  entering  into  its  construction  as  follows: 

Cast  iron  pipe,  fittings,  valves,  etc $49,620.00 

12  inch  oast  iron  drains 812.00 

Excavation,  shoring,  pumping,  bracing  and  back-fill  2000 

cubic  feet  at  $2.00 4,000.00 

Concrete,  616  cubic  yards  at  $12.75 7,841.00 

Removing  mains,  rela3ring  and  connecting  manifold 6,000.00 

Miscellaneous  work,  10  per  cent 6,727.00 

$74,000.00 
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THE  NEW  110-MILLION  GALLON  PUMP  AT  THE  CHAIN  OF 
ROCKS,  ST.  LOUIS 

By  L.  a.  Day 

In  order  to  meet  an  increased  demand  for  pumping  capacity  at  the 
low-service  pimiping  station  of  the  city  of  St.  Louis,  a  contract  was 
awarded  for  a  new  tm-bine-driven  centrifugal  pump  having  a  maxi- 
mimi  capacity  of  110,000,000  gallons  per  twenty-four  hours.  This 
will  bring  the  total  capacity  of  this  station  up  to  290,000,000  gallons 
per  twenty-four  hours,  which  will  be  adequate  for  some  time  to  come. 
The  new  pimip  will  be  located  in  the  center  pit,  there  being  three  pits 
in  all.  There  are  at  present  two  30,000,000  gallon  turbine-driven 
pumps  in  this  pit.  Room  was  made  for  the  60-inch  suction  valve  on 
this  pump  by  channeling  off  3  feet  of  the  ledge  on  the  east  side  of  the 
pit  for  its  entire  length  north  and  south.  This  also  provides  enough 
room  in  the  pit  for  the  location  of  the  necessary  auxiliaries  used  in 
connection  with  the  new  pump.  The  ledge  was  cut  from  soUd  lime- 
stone. It  was  also  necessary  to  tunnel  a  60-inch  suction  line  through 
the  limestone  for  a  distance  of  40  feet  to  the  suction  well  which  is 
'  common  to  all  engines  in  this  station.  In  addition  to  the  60-inch 
suction  valve  which  is  located  within  the  pit,  stop  logs  are  provided 
in  the  wet  well  for  making  repairs  on  the  suction  valve  if  needed. 
The  operating  floor  of  the  pump  pit  is  12  feet  above  the  bottom.  An 
automatic  push-button  electric  elevator  is  used  to  reach  the  turbine 
operating  floor  from  the  ground  level  of  the  pimiping  station,  which  is 
45  feet  above.  The  pimip  will  be  required  to  operate  under  var3ang 
heads  as  the  river  rises  or  falls.  The  average  total  discharge  head  will 
be  60  feet  with  a  minimum  of  45  feet  and  a  maximmn  of  65  feet. 

The  discharge  pipe  will  be  60  inch  diameter  and  will  drop  below  the 
floor  and  then  rise  vertically,  paralleling  the  west  pit  wall.  The  pipe 
will  be  enlarged  to  72  inches  from  a  flanged  Y,  which  is  60  inches  by 
72  inches  by  42  inches,  due  to  the  north  30,000,000  centrifugal  pump 
discharging  its  water  through  the  same  pipe.  The  new  imit  will  be 
provided  with  a  60-inch  hydraulically  operated  discharge  valve  close 
to  the  Y  and  the  old  imit  with  a  42-inch  hydraulically  operated  valve 
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close  up  to  the  45  degree  leg  of  the  Y.  The  72-iiich  line  will  be  ex- 
tended to  the  delivery  well,  which  is  a  common  discharge  well  for  all 
pumps  in  this  station.  A  72-inch  cast  iron  Venturi  meter  tube  with 
a  36-inch  throat  diameter,  the  largest  cast  iron  Venturi  tube  ever 
built,  will  be  installed  just  outside  of  the  pumping  station. 

The  pump  will  deUver  from  80,000,000  to  110,000,000  gallons  in 
twenty-four  hours  against  any  head  varying  from  45  to  65  feet.  This 
range  of  flexibiUty  could  not  be  met  entirely  with  governor  adjust- 
ment, but  will  be  obtained  by  opening  or  closing  hand  operated  valves 
on  the  turbine;  the  speed  of  the  unit  thus  obtained  will  be  further 
controlled  by  an  automatic  governor.  This  governor  will  be  of  the 
oil  relay  type,  designed  to  permit  of  adjustment  while  the  unit  is  in 
operation  to  any  point  within  the  required  range  of  speed,  and  after 
being  adjusted  will  maintain  the  required  speed  within  2  per  cent 
variation  above  or  below. 

The  maximum  brake  horse  power  of  the  turbine  will  be  1550  and 
the  maximum  water  horse  power  required,  including  all  pipe  friction, 
will  be  1250;  the  speed  of  the  turbine  under  these  conditions  will  be 
3717  r.p.m.  When  the  pump  is  delivering  80,000,000  gallons  of 
water  in  twenty-four  hours  under  a  total  head  of  45  feet  the  turbine 
will  run  at  2946  r.p.m.  The  pump  speed  will  be  lowered  by  means 
of  reduction  gears  to  352  r.p.m.  when  delivering  110,000,000  gal- 
lons under  65-feet  head,  and  to  279  r.p.m.  when  delivering  80,000,- 
OOO  gallons  under  a  45-foot  head.  The  guaranteed  pump  efl5ciency 
will  be  sUghtly  above  80  per  cent  under  all  of  the  specified  head  and 
capacity  conditions.  The  suction  and  discharge  openings  to  the  pump 
will  be  48  inches  and  the  60-inch  suction  and  discharge  piping  will  be 
gradually  reduced  near  the  pimips  to  this  diameter. 

The  turbine  is  of  the  multistage  impulse  type  and  will  operate  with 
125  pounds  gage  pressure  and  75**  superheat.  Provision  will  be  made 
for  bleeding  1500  pounds  of  steam  from  one  of  the  low-pressure  stages 
for  heating  feed  water.  Bleeding  this  amount  of  steam  will  increase  the 
B.t.u.  duty  of  the  unit  approximately  3  per  cent.  The  bleeder  outlet 
will  be  provided  with  an  automatic  valve  set  to  carry  a  pressure  of  5 
pounds  gage  on  the  exhaust  line  at  all  times.  The  dry  vacuum  pump 
is  of  the  horizontal  crank-and-flywheel  type  designed  to  operate  at  a 
speed  not  to  exceed  115  r.p.m.  The  condensate  pump  will  be  tur- 
bine-driven, connected  to  a  centrifugal  pump  by  means  of  reduction 
gears.  The  circulating  pump  will  be  direct  connected  to  the  main  unit 
flhaft,  and  will  take  its  water  from  the  60-inch  suction;  after  passing 
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through  the  condenser  the  water  will  be  discharged  back  into  the  main 
suction  pipe.  The  condenser  will  be  of  the  water-tube  type  placed 
directly  under  the  turbine.  Water  for  circulating  purposes  only  will 
pass  through  the  condenser,  as  an  excessive  amount  of  friction  would 
have  been  obtained  by  passing  all  of  the  water  pimiped  by  the  unit 
through  the  condenser,  this  being  the  usual  water  works  practice.  In 
order  to  derive  as  much  heat  as  possible  out  of  the  exhaust  steam 
going  to  the  condenser  a  primary  heater  will  be  placed  in  the  conden- 
ser and  all  the  condensate  from  the  condenser  will  be  pumped  through 
this  heater  before  going  to  the  hot  well  or  open  feed-water  heater. 
The  total  condenser  surface  will  be  2825  square  feet  of  seamless 
drawn  brass  tubes  No.  18  B.W.G.,  1  inch  in  diameter  and  12  feet  long. 

The  unit  was  bought  on  the  bidder's  guarantees  of  duty  per  mil- 
Uon  B.  t.u.  consumed  by  the  imit,  including  auxiliaries  and  bled  steam, 
with  the  provision  that  the  total  amount  of  exhaust  steam  from  the 
auxiliaries,  plus  the  steam  bled  from  the  imit,  should  not  exceed  2200 
pounds  per  hour. 

The  successful  bidder's  guarantees  were  as  follows: 


Head  in  feet 

50*^  circulating  water 
SO**  circulating  water 


100,000,000 

GALLON 


45 
113.5 
106.5 


60 


65 


120122 
113 


80,000,000  OALLoif 


45 
107 
1151101.5 


60 
113.75 
108.50109 


65 
115 
.5 


110,000,000  GALLON 


45 
114 
107 


60 
120.75 
113.50 


65 
121.5 
114.0 


The  average  duty  for  all  of  these  conditions  is  114,562,000  foot- 
pounds per  million  B.t.u.'s.  which  is  equivalent  to  a  duty  of  134,000,- 
000  foot-pounds  per  1000  pounds  of  steam. 

Attention  is  called  to  the  fact  that  different  duties  are  obtained 
with  different  temperatures  of  circulating  water.  This  is  due  to  the 
fact  that  if  the  turbine  is  designed  properly,  better  economies  will  be 
obtained  with  low  circulating-water  temperatures,  owing  to  an  in- 
creased vacuum.  The  average  circulating  water  temperatures  for 
this  station  throughout  the  year  are  50**  for  the  winter  and  80**  for  the 
summer.  In  order  to  compare  bids  on  this  unit  the  following  infor- 
mation was  embodied  in  the  specifications: 

One  million  foot  pounds  of  duty  will  be  valued  at  $2000.  That  is,  if 
bidder  A  guarantees  5,000,000  foot  pounds  higher  duty  than  bidder  B,  $10,00a 
will  be  added  to  B's  bid  for  comparison  with  A's  bid. 


Digitized  by 


Google 


296  L.   A.   DAT 

Bidders  were  instructed  to  submit  curves  showing  duties  guaran- 
teed when  pumping  80,000;000,  100,000,000  and  110,000,000  gallons 
with  circulating  water  temperatures  of  50^  and  80^  and  heads  of  45, 
60  and  65  feet. 

During  four-fifths  of  the  time  each  year  the  pump  operates,  it  is 
estimated  that  it  will  be  called  on  to  deUver  from  80,000,000  to  110,- 
000,000  gallons  under  heads  varying  between  60  and  65  feet.  During 
the  remaining  one-fifth  of  the  year,  it  is  assumed  this  pump  will 
deUver  from  80,000,000  to  110,000,000  gallons  under  a  45  foot  head. 
It  was  fiullier  assumed  that  the  imit  will  deUver  100,000,000  gallons 
for  one  half  of  each  year  imder  all  head  conditions  and  the  remaining 
half  it  will  deliver  either  80,000,000  or  110,000,000  gallons  in  equal 
parts. 

The  process  may  be  represented  diagrammatically  as  follows: 

100,000,000  gallons  daily 
Duty  at  50-  +  Duty  at  80-  ^^^^^^  head  x  1  -  

Ditto  for  60  ft.  head  x2-  

Ditto  for  65  ft.  head  x2«  


5)    Sum 
Duty  A 

80,000,000  gallons  daily 
Duty  at-50°  +  Duty  at  80'  ^^,  ^  ft.  head  x  1  -  

Ditto  for  60  ft.  head  x2-  

Ditto  for  65  ft.  head  x2«  


5)    Sum 
Duty  B 


110,000,000  gallons  daily 

£!i^l±L501  +  ^H^lil»°  for  46  ft.  he«l  X  1  - 

Ditto  for  60  ft.  head  x  2  - 

Ditto  for  65  ft.  head  x  2  « 


Resultant  Duty  -  2  x  Duty  A  +  Duty  B  +  Duty 


5)    Sum 
Duty  C 

C 
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All  of  the  above  conditions  must  be  verified  by  complete  shop  tests 
before  the  unit  is  shipped.  These  shop  tests  must  be  on  the  turbine, 
gears  and  pump  assembled  complete.  The  shop  tests  must  show 
duties  at  least  those  guaranteed  by  the  contractor  and  checked  by  the 
city's  representatives. 

After  the  imit  is  installed  it  will  be  subjected  to  an  endurance  test 
of  ten  da3rs  of  twenty-four  hours  each.  A  station  duty  test  will  then 
be  made  as  a  check  on  the  shop  duty  test,  the  station  test  to  be  con- 
ducted entirely  in  accordance  with  recommendations  laid  down  in  the 
latest  A.S.M.E  code  for  testing  steam  driven  pumping  machinery. 
The  capacity  will  be  measured  with  a  Venturi  meter. 

The  physical  data  of  the  imit  and  auxiUaries  is  as  follows: 

Turbine 

Make DeLaval 

Brake  horse  power  of  turbine Normal  1300,  maximum  1550 

Number  of  stages 13 

Number  and  diameter  of  rotors 4 — 27J  in. ;  9 — 24  in. 

Revolutions  per  minute  under  maximum  conditions 3720 

Method  of  speed  control Jahn's  governor  through  oil  relay 

Percentage  of  speed  obtainable  above  and  below  normal  by  governor 

regulations 6  above  and  15  below 

Percentage  of  speed  obtainable  above  and  below  normal  by  hand- 
regulated  nozzle Approximately  6  above  and  20  below 

Net  weight  of  turbine  without  bedplate,  pounds.  .• 24,000 

Diameter  and  length  of  bearings,  inches 4}  x  14 

Diameter  of  shaft  in  rotor,  inches 10 

Diameter  of  steam  admission,  inches 6 

Diameter  of  steam  exhaust,  inches 36 

Reduction  gear 

Net  weight  of  reduction  gear  complete  without  bedplate,  pound,  32,000 

Diameter  of  driven  gear,  inches 63.4 

Diameter  of  pinion,  inches 6 

Width  of  face  of  gear  in  pinion,  inches 29} 

Tooth  pressure  per  inch,  face  of  gear  and  pinion,  when  ptmip  is  de- 
livering 110,000,000  gallon  per  day  at  65  foot  head  pounds  300 

Gear  ratio 10.53  to  1 

Angle  of  gear  tooth,  degrees 45 

Mechanical. efficiency  of  gear,  per  cent 98 

Horse  power  consumed  by  gear  under  maximum  conditions...         31 
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Pump 

Net  weight  of  pump  without  bedplate,  pounds 40,000 

Net  weight  of  bedplate  for  complete  unit,  pounds 15,000 

Diameter  of  impellers,  inches 50 

Diameter  of  shaft  at  impeller,  inches 8 

Diameter  and  length  of  bearings,  inches One  6}  x  18,  one  5i  x  18 

Length  of  shaft  between  bearings,  feet 8i 

Revolutions  per  minute,  maximum 352 

Diameter  of  water  suction,  inches 48 

Diameter  of  water  discharge,  inches 48 

Efficiency  of  pump,  per  cent  (for  normal  conditions) 81 

Condenser 

Condensing  surface,  square  feet 2825 

Diameter  of  tubes,  inches 1 

Gage  of  tubes No.  18  B.  W.  G. 

Length  of  tubes,  feet 12 

Number  of  steam  passes 1 

Number  of  water  passes 2 

Size  of  exhaust-steam  inlet,  inches 36 

Net  weight  of  condenser,  pounds 20,800 

Diameter  of  condenser  shell,  feet 5 

Length  of  shell,  feet 14i 

Air  pump 

Revolutions  per  minute 115 

Size  of  inlet,  inches 5 

Siae  of  outlet,  inches 3 

Method  of  driving  air  pump By  steam  cylinders 

Weight  of  air  pump  complete,  pounds 6400 

Condensate  pump 

Siae  of  pump,  inches 21 

'Revolutions  per  minute 1800 

Size  of  inlet,  inches 2J 

Size  of  outlet,  inches 2) 
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SOME  PHASES  OF  WORK  IN  THE  DISTRIBUTION  SECTION 
OF  THE  WATER  DIVISION,  ST.  LOUIS 

By  W.  a.  Foley 

There  are  several  distinct  features  of  the  St.  Louis  distribution 
system  which  do  not  usually  obtain  in  other  municipalities;  princi- 
pal among  these  may  be  mentioned  the  two  distinct  distributing 
systems  called  the  high  and  low.  The  topography  of  St.  Louis  is 
such  that  the  city  maintains  these  two  systems,  the  first  termed  high 
at  125-pounds  pressure,  the  second  termed  low  at  85-pounds  pressure. 

The  low  sjrstem  comprises  about  67  per  cent  of  the  pipe  mileage, 
and  ranges  in  size  from  3-inch  to  48-inch,  amounting  to  680  miles, 
supplying  approximately  35.4  square  miles  of  area.  This  system 
suppUes  certain  districts  where  the  elevation  does  not  exceed  100 
feet  above  the  city  datum.  It  was  installed  before  the  confining 
limits  of  the  city  were  extended,  when  the  city  proper  was  located  on 
the  table  land  adjacent  to  the  river. 

As  the  city  growth  pushed  forward  it  was  essential  that  the  out- 
lying districts  be  suppUed  with  an  adequate  volume  and  pressure, 
and  the  topography  of  the  land  was  such  that  an  increased  pressure 
system  with  high  duty  pumps  had  to  be  installed  to  meet  the  demand. 
The  high-pressure  district  now  comprising  330  miles  of  pipe  was  de- 
cided upon.  This  S3rstem  supplies  districts  in  which  the  elevation 
exceeds  the  city  datum  by  more  than  100  feet,  and  is  equal  in  area 
to  26  square  miles.  The  two  systems  are  separate  and  distinct, 
although  there  is  contiguity  in  all  the  mileage,  the  pipe  syBtem  being 
laid  out  on  the  gridiron  theory.  Each  is  maintained  separate  and  in- 
dependent of  the  other  by  means  of  valves,  which  close  off  one  system 
from  the  other,  thus  maintaining  the  independent  pressures.  The 
valves  are  termed  separation  valves,  being  kept  closed  and  tabbed 
with  metallic  disks  showing  the  number  of  each  valve  and  indicative 
of  the  valve  being  shut.  In  the  event  a  metallic  disk  is  not  readily 
available  the  cap-nut  of  the  valve  is  reversed  or  inverted,  which  is 
also  indicative  of  a  separation  valve. 

These  valves  are  not  opened  except  when  necessity  arises,  and  in 
this  event  the  high  pressure  is  allowed  to  bleed  into  the  low  system 
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during  the  period  the  occasion  demands.  They  are  also  opened  dur- 
ing the  semi-annual  inspection  of  valves,  which  occurs  in  May  and 
November,  when  all  valves  in  the  two  systems  are  examined  and 
worked  to  insure  their  thorough  fitness  for  any  subsequent  operation, 
or  as  a  reUef  to  the  crowding  of  the  high  service  pumps,  which  occurs 
during  the  night,  when  a  few  separation  valves  are  opened  to  relieve 
the  load. 

Many  of  the  consumers  are  so  fortunately  located  that  either  high 
or  low  service  is  available  for  domestic  supply.  The  low-pressure 
extremes  range  from  30  to  85  poimds,  and  the  high-pressure  from  40 
to  125  pounds.  The  business  section  of  St.  Louis,  being  the  oldest, 
is  supplied  by  the  low  pressure  system,  but  ordinarily  good  pressiu^ 
is  obtained,  the  average  for  the  conunercial  district,  which  comprises 
483  city  blocks  or  2^  square  miles  area,  being  45  pounds. 

Another  feature  of  the  St.  Louis  distribution  system  is  a  36-inch 
lock-bar  steel  main  in  30-feet  lengths  with  riveted  joints,  26,700  feet 
in  length,  which  crosses  the  heart  of  the  city,  and  acts  as  a  carrier  for 
either  high  or  low-service  feed.  This  feeder  has  its  origin  in  the  cen- 
tral pumping  station  and  can  be  operated  from  an  85-poimd  head  with 
a  delivery  of  750,000  gallons  per  hour,  or  from  an  125-pound  head 
with  a  delivery  of  approximately  1,000,000  gallons  per  hour.  The 
change  in  this  trunk  hne  from  high  to  low  service  is  effected  by  the 
operation  of  a  few  hand-operated  valves  inmiediately  in  front  of  the 
engine  house  and  two  hydraulically  operated  valves  at  the  terminus  of 
the  steel  main,  practically  5  miles  distant,  where  it  is  breeched  into 
both  systems  by  means  of  a  Y  connection.  In  times  of  emergency 
or  excessive  draught,  this  feeder  serves  as  a  reserve  or  reinforcement 
of  either  S3rstem.  Many  other  conununities  accomplish  practically 
the  same  ptupose  by  speeding  up  pimips  in  times  of  fire,  but  the  St. 
Louis  steel  line  was  designed  with  the  purpose  in  view  of  acting  as  a 
composite  carrier  on  either  system,  as  the  need  arose. 

The  essential  necessity  of  present-day  distribution  is  conservative 
despatch.  Mechanical  appliances  to  supplant  slow  hand  labor  and 
the  execution  of  repair  work  with  speed  are  the  chief  features  of  dis- 
tribution work.  Although  all  water  distribution  departments  have 
features  in  common,  with  reference  to  the  general  work,  yet  each 
individual  system  has  some  Uttle  appliance  or  method  of  repair 
which  is  a  special  feature  of  that  particular  system. 

Portable  pumps  driven  by  air  or  gas,  such  as  Los  Angeles  has  in 
service,  trench  filling  by  cable  drag  or  auto  sUp,  have  been  employed 
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in  St.  Louis,  not  by  the  exact  method  employed  by  other  commimities, 
but  by  methods  which  prove  more  feasible  here.  During  the  winter, 
when  frozen  soil  conditions  make  the  excavation  for  repairs  of  broken 
mains  excessive  in  cost,  the  St.  Louis  Department  has  found  it  prac- 
ticable to  use  a  blast  pan,  such  as  is  employed  by  street  repair  gangs 
in  asphalt  surfacing.  This  proves  an  effective  method  of  dissipating 
the  frost  and  expediates  the  work  of  excavation,  consequently  effect- 
ing a  saving  of  both  time  and  labor.  In  the  repair  of  mains  15  inches 
in  diameter  and  larger  where  such  repairs  necessitate  the  employ- 
ment of  a  sleeve,  the  department  finds  it  expedient  to  employ  what  is 
known  as  a  sleeve-spacer.  This  simple  device  is  the  idea  of  a  local 
street  service  foreman,  and  has  proved  of  great  value  in  such  work. 
The  spacer  is  a  sort  of  turn-buckle  affair,  which  is  sUpped  into  posi- 
tion and  tightened,  so  as  to  prevent  movement  of  pipe  when  the 
sleeve  is  sUpped  into  place,  but  it  serves  an  ideal  piu-pose  in  spacing 
the  sleeve  so  that  an  even  joint  can  be  run  around  the  pipe  circum- 
ference. Usually  four  of  these  spacers  are  employed  in  the  repair  of 
mains  30  inches  in  diameter  and  larger.  This  device  is  worthy  of 
adoption,  especially  where  repairs  are  made  in  close  proximity  to  a 
valve  and  its  subsequent  closing  with  its  large  pressure  surface  may 
cause  a  creeping  of  pipe  at  the  space  where  sleeve  has  been  employed. 

Constant  attention  to  every  detail  is  becoming  absolutely  essential 
for  the  maintenance  of  a  modem  pipe  system.  Air  patrols  to  release 
air  pockets,  constant  overhauling  of  valves  and  other  appurtenances, 
and  absolute  attention  are  the  prices  demanded  in  a  modem  system. 
Conservation  of  water  by  the  insertion  of  valves,  so  that  no  great  loss 
of  water  will  result  from  the  scarcity  of  these  necessary  valves  when 
shuts  are  enforced  on  a  distributing  system  through  broken  mains, 
is  essential.  In  St.  Louis  the  practice  of  lengthy  shuts  for  repairs 
was  common  until  five  years  ago.  These  shuts  are  generally  made 
in  a  residential  district,  and  the  inconveniences  are  many.  Not  only 
does  the  application  of  frequent  valves  mean  a  conservation  of  water, 
but  it  means  inconvenience  for  fewer  consumers,  and  the  convenience 
of  the  consumer  is  the  essential  feature  in  water  distribution. 

Not  only  does  the  city  of  St.  Louis  study  and  apply  all  principles 
which  tend  to  the  betterment  of  the  system,  but  the  department  main- 
tains an  intelligence  bureau  holding  school  for  one  week's  duration 
twice  per  year.  At  these  school  sessions  all  employes  of  the  distri- 
bution system  attend,  especially  the  newcomers,  who  are  fully  initi- 
ated in  the  art  of  cutting  pipe,  yaming  and  pouring  joints,  caulking. 
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assembling  hydrants  and  valves,  rigging  derricks,  the  use  and  names 
of  various  tools,  and  all  other  little  details  with  which  all  distribution 
employes  should  be  familiar.  These  sessions  are  generally  attended 
by  department  engineers,  and  often  the  exchange  of  ideas  proves  as 
beneficial  to  the  superiors  as  to  the  subordinates.  The  professor  in 
charge  is  generally  a  graduate  of  the  ditch,  who  has  advanced  step 
by  step  in  the  service,  and  is  capable  of  showing  the  principle  by 
actual  demonstration.  By  teaching  the  employes  the  use  of  tools 
and  allowing  them  to  do  the  actual  work  in  these  practice  sessions, 
the  department  has  always  on  hand  an  adequate  corps  of  capable 
men  who  can  assume  the  different  positions  without  crippling  the 
service  when  the  occasion  demands.  All  large  cities  should  adopt 
the  idea  as  it  familiarizes  the  employes  with  the  different  methods 
and  use  of  tools,  which  proves  of  inestimable  value  to  the  department 
when  *'trouble-time''  arrives. 
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REPORT  OF  COMMITTEE  ON  WAR  BURDENS  OF  WATER 
WORKS  IN  THE  UNITED  STATES 

The  Executive  Committee  of  the  American  Water  Works  Asso- 
ciation undertook  to  collect,  for  presentation  before  the  annual  con- 
vention of  the  Association,  at  St.  Louis,  May  13-16,  1918,  informa- 
tion concerning  the  effect  of  war  conditions  upon  the  construction, 
operation  and  maintenance  of  water  works  in  the  United  States. 
Replies  to  its  call  for  information  were  received  from  about  fifty 
municipally  and  corporately  owned  water  works  plants  in  the  U.  S. 
It  was  impossible  to  prepare  this  material  in  useful  comparative 
form  for  presentation  to  the  convention.  A  conunittee  was  there- 
fore appointed  to  do  this,  which  now  presents  its  report. 

OBNEBAL  FINANCIAL  CONDmONS  FACED  BT  WATER  WORKS 

Water  works  have  suffered  large  increase  in  construction,  opera- 
tion and  maintenance  costs,  due  to  war  conditions.  Marked  de- 
cline in  net  revenue  has  resulted. 

These  conditions  began  to  be  generally  felt  late  in  1916,  but  it 
was  not  until  the  latter  part  of  1917  that  they  became  serious. 
Water  works  employees  were  true  to  their  tasks;  the  desirability  and 
continuity  of  their  employment  tended  to  stay  the  advance  in  their 
wages,  which  lagged  behind  the  general  advance  in  wages  paid  to 
labor,  by  a  period  of  eighteen  months,  more  or  less.  Men  working 
in  contractors'  forces,  in  munitions  and  allied  works,  had  long  en- 
joyed very  substantial,  and  in  some  war  industries,  abnormal  in- 
crease in  wages,  before  the  increase  came  to  water  works  employees. 

But  the  advance  in  labor  cost  to  American  water  works  has  gath- 
ered force  in  the  last  six  months,  and  it  is  the  general  opinion  of 
mimicipal  and  corporate  managers  that  additional  increases  are  cer- 
tain to  come  during  1918  and  thereafter,  if  labor  is  to  be  held.  It  is 
certainly  undesirable  to  replace  old  well-trained  forces,  familiar 
with  these  properties,  with  other  labor  not  having  this  familiarity, 
in  the  effort  to  hold  the  wages  at  a  point  below  the  general  local 
standard  for  similar  service.  The  character  of  the  service  would 
suffer.    Serious  and  conscientious  effort  has  been  made  by  water 
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works  operators  generally,  to  reduce  construction  and  operating 
forces  and  expenses  to  a  minimum.  These  reductions  have  in 
many  cases  gone  beyond  desirable  limits,  even  to  reducing  the 
working  eflSciency  of  the  properties. 

The  general  situation  is  a  very  serious  one,  from  the  point  of  view 
of  the  public,  and  an  anxious  one  for  the  managers  of  water  works. 
Already  it  has  shown  itself  in  increasing  difficulty,  and  in  many 
cases  impossibility,  of  attracting  capital  to  water  works  for  neces- 
sary betterments.  Moreover,  it  is  inevitable  that  the  Capital  Issues 
Board  will  scrutinize  more  and  more  closely  the  diversion  of  funds 
to  water  works  needs,  particularly  where  those  needs  are  not  in- 
volved by  governmental  activities. 

Pressure  will  doubtless  be  brought  to  bear  to  force  communities 
to  husband  their  water  supplies,  by  reducing  waste,  leakage,  and 
even  unnecessary  consumption,  in  order  to  curtail  unnecessary  in- 
vestment in  plant  thus  made  necessary.  No  doubt,  here  as  abroad, 
there  may  come  a  time  when  the  smaller  works  will  be  unable  to 
extend  their  service  during  the  duration  of  the  war,  imless  govern- 
ment needs  be  concerned,  but  it  would  be  most  imfortunate  if  the 
activities  of  an  important  city  or  of  conamunities  with  manifold 
industrial  and  commercial  industries  were  to  be  thus  circumscribed. 

The  menace  of  the  situation  lies  in  the  increasing  difficulty,  im- 
der  such  conditions,  of  maintaining  constantly  a  water  service,  safe 
from  a  sanitary  standpoint,  necessary  for  good  fire  protection  serv- 
ice, and  adequate  to  industrial,  commercial  and  domestic  needs. 

It  appears  clear  that  average  pre-war  prices  will  never  again  be 
realized  and  that  the  purchasing  power  of  money  has  declined  per- 
manently the  world  over,  as  a  result  of  the  war,  and  will  never  be 
fully  recovered.  Present  prices,  which  on  most  water  works  materials 
are  double  pre-war  prices,  and  on  labor  25  to  50  per  cent  greater, 
will  probably  not  hold  permanently  after  the  war.  Nevertheless, 
the  old  prices  will  not  return  as  a  whole. 

The  difficulty  of  the  situation  faced  by  utility  properties  in  this 
country  was  clearly  indicated  in  a  letter  addressed  by  the  Secre- 
tary of  the  Treasury,  Mr.  McAdoo,  to  the  President,  on  February 
15,  1918,  transmitting  several  memoranda  prepared  by  committees 
of  the  American  Electric  Railway  Association,  The  National  Electric 
Light  Association,  the  American  Gas  Institute  and  the  National 
Commercial  Gas  Association,  in  which  he  called  attention  to  the 
existence  of  genuine  apprehension  regarding  the  adequacy,  under 
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present  conditions,  of  the  service  and  rates  of  local  public  utilities; 
that  increased  wages  and  high  costs  of  essential  materials  and  sup- 
pUes  have  affected  them,  as  they  have  affected  everybody  else;  and 
that  united  effort  will  be  necessary  in  order  to  meet  alike  the  re- 
quirements of  pubUc  service,  and  the  corporate  financial  needs  upon 
which  that  service  depends.  Concluding  his  letter  to  the  President, 
the  Secretary  said: 

I  earnestly  hope  that  you  may  feel  justified  in  expressing  the  conviction 
that  the  vital  part  which  the  Public  Utilities  Companies  represent  in  the 
life  and  war-making  energy  of  the  nation,  ought  to  receive  fair  and  just 
recognition  by  state  and  local  authorities. 

President  Wilson  in  his  reply  to  Secretary  McAdoo,  dated  Febru- 
ary 19,  1918,  said: 

It  is  essential  that  these  utilities  should  be  maintained  at  their  maximum 
efficiency,  and  that  everything  reasonably  possible  should  be  done  with  that 
end  in  view.  I  hope  that  the  state  and  the  local  authorities,  where  they 
have  not  already  done  so,  will,  when  the  facts  are  properly  laid  before  them, 
respond  promptly  to  the  necessities  of  the  situation. 

PubUc  Utility  Commissions  and  other  similar  regulatory  bodies 
n  the  United  States  have  already  shown  their  appreciation  of  the 
serious  nature  of  the  conditions  confronting  public  utility  proper- 
ties, by  granting  increases  in  rates  or  the  levying  of  surcharges  on 
existing  rate  schedules  in  many  cases,  after  careful  review  of  the 
local  conditions. 

Valuation  imder  present  conditions  is  a  very  difficult,  laborious 
and  time-consuming  task,  and  in  view  of  the  heavy  burden  of  ad- 
ditional work  under  which  these  conunissions  are  laboring,  it  is 
reasonable  to  believe  that  prompter  consideration  can  be  had  by 
petitioning  for  reUef,  rather  than  for  revaluation  of  property  as 
a  basis  for  change  in  rates. 

How  far  these  commissions  will  attempt  to  maintain  the  stand- 
ard, heretofore  avowed  by  them,  of  taking  prompt  action,  to  the 
end  of  reducing  the  unfair  burdens  of  the  people  on  the  one  hand 
and  iStie  hazard  of  investment  and  operation  on  the  other,  cannot 
now  be  determined.  They  may  take  the  position  that  a  portion  of 
the  abnormal  expense,  due  to  war  conditions,  must  be  borne  by  the 
works  and  a  portion  by  the  public,  but  in  any  event,  it  appears 
likely  that  they  will  not  be  insensible  to  pleas  fairly  directed  toward 
the  maintenance  of  corporate  credit,  and  will  recognize  clearly  that 
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it  is  not  to  the  interest  of  the  public  to  permit  conditions  which  may 
destroy  credit,  and  that  credit  seriously  impaired  or  once  destroyed 
cannot  be  re-established  readily. 

It  was  urged  upon  the  members  of  the  Association  at  the  St. 
Louis  convention,  that  the  effort  should  be  made  to  maintain  oper- 
ating efficiency,  and  that  careful  record  should  be  made  of  change 
in  cost  of  construction  and  operating  materials  and  labor,  so  that 
if  it  should  become  necessary  to  make  applications  for  advance  in 
rates,  on  the  part  of  either  the  municipally  or  the  corporately  owned 
works,  the  facts  upon  which  the  regulatory  bodies  could  base  sound 
judgment  could  be  well  established. 

The  following  record  of  replies  received  from  various  municipally 
and  corporately  owned  properties  in  this  country,  is  submitted  in 
tabular  and  graphical  form,  as  evidence  of  the  rapid  change  in  con- 
ditions facing  water  works  in  this  country  from  tiie  years  1914  and 
1915,  which  reflect  the  pre-war  conditions,  to  the  early  part  of  the 
year  1918.  All  evidence  points  to  yet  more  trying  conditions  for 
the  future. 

CONSTRUCTION  LABOR  AND  MATERIAL  COSTS 

Advance  in  labor  costs.  Figure  1  shows  the  advance  in  the  yearly 
average  cost  in  cents  per  hour  of  unskilled  labor  to  44  American 
water  works,  arranged  in  four  local  groups.  These  indicate  an  av- 
erage advance  over  pre-war  prices  prevailing  in  191S  of  13  per  cent 
in  1916  and  27  per  cent  in  1917,  the  fragmentary  figures  submitted 
for  the  opening  of  1918  showing  materially  greater  increase.  It  is 
important  to  note  that  comparison  of  past  and  present  wage  scales 
does  not  tell  the  whole  story  of  increase  in  cost  of  labor  to  water 
works.  Unfortunately,  there  has  been  maxked  decrease  in  efficiency. 
Your  committee  has  made  personal  inquiry  concerning  this,  within 
the  last  two  months,  from  the  managers  of  municipal  as  weU  as  of 
corporate  works,  from  the  Pacific  Coast  to  the  East,  and  from  the 
North  to  the  South.  In  all  cases,  decrease  in  efficiency  was  re- 
ported. The  estimates  of  percentage  loss  in  efficiency,  compara^ 
ble  with  the  efficiency  of  1915  and  prior  thereto,  varied  from  20 
to  50  per  cent.  The  concensus  of  opinion  seemed  to  range  between 
25  and  35  per  cent. 

It  thus  appears  that  the  loss  in  efficiency  of  labor  is  practically 
equal  to  its  increase  in  wage.    The  full  increase  in  cost  of  labor. 
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TABLE  1 
Unskilled  labor  cosU — average  during  year  in  cents  per  hour, 
worke  in  the  United  States 


Paid  by  vxUer 


BNCB 
NUM- 
BBR 


POPULA- 
TION IN 
THOU- 
SANDS 


1914 


1915 


1916 


1917 


1918 


Western 

group 

45 

California 

575.0 

25-28.1 

25-28.1 

28.1-31.3 

31.3-34.4 

31.3-37.5 

46 

California 

523.0 

52 

Washington 

350.0 

37.5 

37.5 

50.0 

51 

Oregon 

275.7 

37.5 

37.5 

37.5 

37.5 

40.6 

47 

Colorado 

213.4 

22.5 

22.5 

22.5 

30.0 

35.0 

50 

Kansas 

67.8 

17.5 

20.0 

22.5 

27.0 

48 

Iowa 

27.1 

25.0 

25.0 

25.0 

30.0 

49 

Iowa 

14.0 

20.0 

20.0 

25.0 

25.0 

Tot 
Ave 

al 

186.7 
26.7 

189.0 
27.0 

199.7 
28.5 

219.9 
31.4 

raee 

Central  group 

25 

Michigan 

678.7 

25.0 

25.0 

28.0 

36.0 

20 

Indiana 

269.5 

20.0 

20.0 

22.0 

24.0 

25.0 

26 

Illinois 

72.1 

25.0 

23.3 

27.0 

30.0 

0 

31 

Wisconsin 

45.5 

15.0 

25.0 

30.0 

35.0 

24 

Indiana 

25.2 

22.5 

22.5 

25.0 

25.0 

21 

Indiana 

20.3 

20.0 

20.0 

22.5 

20.0 

29 

Wisconsin 

14.6 

17.5 

17.5 

27.5 

25.0 

28 

Wisconsin 

10.9 

22.5 

22.5 

24.2 

28.5 

32.5 

30 

Wisconsin 

8.8 

20.0 

20.0 

20.0 

25.0 

22 

Indiana 

5.6 

17.5 

20.0 

25.0 

22.5 

23 

Indiana 

5.6 

17.5 

20.0 

25.0 

22.5 

27 

Ohio 

4.0 

22.2 

25.0 

27.7 

30.0 

Tot 
Ave 

al 

244.7 
20.4 

260.8 
21.7 

303.9 
25.3 

322.9 
26.9 

rase 

, 

Eastern 

group 

15 

Pennsylvania 

1,683.7 

1 

Massachusetts 

745.1 

25.0 

25.0 

25.0 

30.0 

30.0 

18 

Pennsylvania 

333.0 

19.7 

19.5 

21.1 

24.5 

16 

Pennsylvania 

150.0 

18.0 

22.5 

29.0 

35.0 

4 

Massachusetts 

110.0 

31.0 

31.0 

31.0 

24.0 

5 

Connecticut 

109.0 

25.0 

25.0 

28.0 

31.0 

34.0 

10 

New  York 

99.4 

14 

Pennsylvania 

40.4 

22.2 

22.2 

30.0 

30.0 

9 

New  York 

36.9 

25.0 

25.0 

2&-30 

30.0 

30.0 
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TABLE  l—Cof%Hnu0d 


SBFBR- 
■NCB 
NUlf- 
BBK 


POPULA- 
TION IN 
THOU- 
SANDS 

1914 

1915 

1916 

1917 

1918 


Eastern  group — Continued 

11 

Pennsylvania 

26.6 

20.0 

22.2 

30.8 

33.3 

8 

New  Hampshire 

26.0 

20.0 

25.0 

28.0 

33.0 

33.0 

19 

Pennsylvania 

18.9 

20.0 

21.0 

27.5 

34.0 

37.0 

13 

Pennsylvania 

15.0 

22.2 

22.2 

29.7 

33.3 

12 

Pennsylvania 

15.0 

17.5 

18.5 

22.5 

30.0 

17 

Pennsylvania 

14.4 

20.0 

21.0 

22.5 

25.0 

7 

New  Hampshire 

4.9 

22.0 

25.0 

25-30 

30-^7.5 

6 

Maine 

4.6 

20.0 

20.0 

20.0 

20-25 

25.0 

2 

Massachusetts 

1.2 

25.0 

25.0 

25.0 

30.0 

30.0 

Tot 
Ave 

al 

327.6 
21.8 

345.1 
23.0 

400.1 
26.7 

456.3 
30.4 

race 

Southern  { 

5roup 

41 

Missouri 

740.0 

25.0 

25.0 

25.0 

32.5 

37 

Louisiana 

372.0 

32 

Alabama 

174.1 

15.0 

16.5 

18.0 

22.5 

40 

Missouri 

84.0 

19.0 

17.5 

18.5 

20.0 

34 

Florida 

62.6 

42 

Tennessee 

58.6 

13.5 

13.5 

20.0 

20.0 

33 

Arkansas 

55.2 

15.0 

15.0 

20.0 

27.5 

43 

West  Virginia 

43.6 

17.5 

17.5 

20.0 

25.0 

43 

Virginia 

38.6 

12.2 

15.0 

20.0 

25.0 

35 

Kentucky 

35.0 

20.0 

20.0 

22.5 

25.0 

25.0 

38 

Missouri 

33.0 

19.5 

19.0 

20.0 

25.0 

36 

Kentucky 

7.8 

20.0 

20.0 

22.0 

22.0 

Tot 
Ave 

al 

176.7 
17.7 

179.0 
17.9 

206.0 
20.6 

244.5 
24.5 

rase 

Ave 

raire 

21.3 

22.1 

25.2 

28.3 

Unskilled  labor  costs — information  received  too  late  to  be  included  in  the  original 

tabU 


POPUIJL- 

BBPBBBlffCB  NUMBBB 

OBOUP 

TIONZir 
THOU- 
SANDS 

1914 

1916 

1916 

1917 

1918 

New  York  City 

Eastern 

5.359. 

3 

Eastern 

16.8 

20.7 

20.0 

25.0 

30.0 

10 

Eastern 

111.0 

19.3 

17.5 

25.9 

26.7 

20 

Central 

289.0 

20.0 

20.0 

22.0 

24.0 

25.0 

34 

Southern 

68.8 

18.0 

18.0 

18.0 

19.0 
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due  to  the  combined  effect  of  loss  in  wages  and  loss  of  efficiency,  is 
approximately  50  per  cent  in  excess  of  the  pre-war  costs  and  nearly 
as  much  over  those  of  1916. 


YEARS 

Fig.  2.  Labor  Cobtb  pbr  Man-Houb  Paid  bt  American  Watbr-Workb, 
Babbd  upon  thx  Actual  Avsrage  Cost  pbr  Man-Hour  op  a  Gang  op 
50  Men  Comprising  Foreman,  Subporeman,  4  Calkers,  6  Pipe  Latbbs, 
Blacksmith  and  37  Laborers. 

Similar  data  were  gathered  by  one  of  the  members  of  this  com- 
mittee at  a  slightly  earlier  date,  with  reference  to  the  advance  of 
labor  costs  in  different  parts  of  this  country. 

In  figure  2,  data  relating  to  the  central  and  eastern  works  were 
based  upon  the  actual  construction  gangs  used  by  the  works  referred 
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to;  the  data  relating  to  the  western  works  were  based  upon  the 
normal  gang,  or  gangs,  totalling  50  men.  Similar  information  to 
that  relating  to  the  eastern  works  was  included  with  reference  to  the 
average  cost  of  labor  in  all  departments  of  the  Spring  Valley  Water 
Company. 

TABLES 
Increase  in  cost  of  water  workSy  cast  iron  pipe  6  inches  and  larger 


irUMBBB 


1« 

1914 

1915 

191f 

1917 

1918 


Eastern  group 


4 

Massachusetts 

110.0 

122.13 

120.30 

127.10 

$38.39 

5 

Connecticut 

110.0 

22.60 

21.70 

31.00 

59.00 

157.00 

6 

Maine 

4.6 

24.55t 

26.78t 

7 

New  Hampshire 

4.9 

21.60t 

34.93t 

8 

New  Hampshire 

26.0 

24.95 

23.86 

30.73 

32.34 

9 

New  York 

36.9 

22.40 

21.52 

29.50 

55.10 

54.70 

19 

Pennsylvania 

18.9 

24.10 

23.10 

26.20 

44.10 

56.25 

New  York 

New  York 

* 

21.20 

23.20 

31.60 

55.40 

Boston 

Massachusetts 

21.10 

17.05 

29.15 

45.18 

Totftlfl 

158.48 
22.63 

150.73 
21.52 

205.28 
29.35 

329.51 
47.10 

167.95 

Sub-averages. 

Central 

group 

25 

28 

Chicago 

Michigan 
Wisconsin 
Illinois 

678.7 
10.9 

23.45 
25.40 
24.10 

23.45 
29.30 
24.50 

30.50 

(t) 
31.80 

30.50 
59.60 
54.60 

Totals 

72.95 
24.32 

77.25 
25.75 

62.30 
31.15 

144.70 
48.23 

Sub-averages 

Southern  group 


35 

37 

41 

Birmingham 

Kentucky 
Louisiana 
Missouri 
Alabama 

35.0 
372.0 
740.0 

23.15 
21.00 
22.60 
18.80 

22.70 
22.50 
22.85 
19.00 

29.70 
22.50 
29.95 
26.10 

56.00 
56.00 
62.00 
48.80 

53.00 

Totals 

85.55 
21.39 

87.05 
21.76 

108.25 
27.06 

222.80 
55.70 

Sub-averages 
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J5  S 

XUMBBB 

■TATB 

11 
r 

1914 

1916 

191f 

1917 

1918 

Western 

group 

45 
47 
51 
52 
San  Francisco 

California 

Colorado 

Oregon 

Washington 

California 

575.0 
213.4 
275.7 
350.0 

30.60 

30.00 

30.21 

30.75t 

31.30 

30.59 
30.00 
29.48 

31.30 

38.01 
36.75 
33.95 

36.90 

62.50 
63.75 
45.27 

60.20 

^.20 
63.00 
63.50 
67.50 

Tntftlif 

122.11 
30.53 

121.47 
30.34 

145.61 
36.40 

231.72 
57.93 

256.20 

Sub-averages 

Grand  totals 
Ayeraite 

(18  works).... 

1439.09 

$436.40 
24.23 

1521.44 
30.70 

1928.73 
51.60 

Per  cent  of  increiWA  over  1015  noatfl 

26.7 

112.9 

Data  received  too  late  to  include  in  above  table 


New  York 

NewYorkt 

5,468.0 

$20.45 

«22.22 

$31.14 

$52.48 

3 

Massachusetts 

22.65 

23.55 

None 
bought 

None 
bought 

10 

New  York 

22.04 

21.62 

27.60 

33.58 

20 

Indiana 

21.65 

21.38 

25.58 

45.88 

54.78 

34 

Florida 

22.74 

22.28 

28.42 

51.40 

46 

California 

31.30 

31.30 

39.00 

57.70 

64.10 

*  Market  price  given  in  Iron  Age. 

t  Omitted  from  totals  and  averages. 

t  Department  of  Water  Supply,  Gas  and  Electricity. 

The  labor  costs  involved  in  maintenance  and  operation  are  cov- 
ered in  the  discussion  upon  the  increase  in  cost  of  operation  and 
maintenance  of  water  works. 

Advance  in  cost  of  cast  iron  pipe.  The  increase  in  cost  of  cast 
iron  pipe  of  6-inch  and  larger  diameter,  reported  to  the  Committee, 
is  indicated  in  table  3,  which  shows  an  increase  in  prices  over  those 
of  1915  of  26.7  per  cent  in  1916,  and  112.9  per  cent  in  1917.  The 
corresponding  figures  for  1918  ai^  too  fragmentary  for  averaging,  but 
indicate  a  sUghtly  smaller  increase  over  1915  than  did  the  1917 
figures,  by  reason  of  the  stabilizing  effect  of  governmental  control. 
The  difference  is  nearly  negligible,  however. 
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Table  4  shows  similar  data,  obtained  by  C.  C.  Cray,  purchasing 
agent  of  the  Indianapolis  Water  Company,  from  Chicago,  Colum- 
bus, Cincinnati,  St.  Louis,  Terre  Haute,  Evansville,  and  for  New 
York  City  and  other  cities,  which  were  unfortunately  received  too 
late  for  inclusion  in  the  unit  figures  and  averages  shown  in  table  3. 

Advance  in  cost  of  vcdves  and  hydrants.  The  increase  in  cost  of 
6-inch  valves  to  eleven  water  works,  in  different  parts  of  the  country, 
is  indicated  in  table  5.    It  shows  an  advance  in  price  of  13.1  per 

TABLE  4 
Prices  paid  for  cast  iron  pipe  in  seven  cities^  f.o.h,  destincUion,  tons  of  2000  Ihs. 


Chicago,  111 

Columbus,  O 

Cincinnati,  0 

St.  LouIb,  Mo 

Terre  Haute,  Ind 

Eyanflville,  Ind 

Weighted  average  of  6 

cities 

Indianapolis,  Ind 


mh 


Tons 


27,765 

2,606 

8,500 

2,626 

47 

801 


2,150 


121.86 
21.50 
22.37 
22.93 
21.28 
21.00 

21.82 
21.38 


1916 


Tons 


20,661 

950 

4,592 

1,764 

357 

1,152 


1,794 


ill 


$27.54 
30.51 
27.71 
29.95 
29.59 
25.52 

28.47 
25.58 


1917 


Tons 


15,255 

1,238 

1,179 

998 

37 

676 


2,046 


III 


$34.95 
43.23 
41.26 
62.00 
54.35 
38.25 

45.67 

45.88 


1918 


Tons 


113 


1! 
Ill 


$54.78 


cent  in  1916,  71  per  cent  in  1917,  and  approximately  107  per  cent 
in  1918,  all  as  compared  with  pre-war  prices. 

Adoance  in  cost  of  some  other  water  works  construction  materials. 
In  table  6  are  shown  data  concerning  the  recent  advance  in  cost 
of  some  other  water  works  materials  reported  by  C.  C.  Cray,  pm*- 
chasing  agent  of  the  Indianapolis  Water  Company;  and  in  table  6a 
similar  data  reported  by  the  Spring  Valley  Water  Company  of  San 
Francisco. 
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TABLES 
Increase  in  cost  of  wcUer  works  valves  and  hydrants 


1914 


1915 


1916 


1917 


THRBI 
MONTB8 

or  1918 


6-inch  valves 


Eastern  group  (5) 

Massachusetts. 

Connecticut 

New  York 

Pennsylvania. . 

Pennsylvania.. 
Central  group  (2) 

Michigan 

Wisconsin 

Southern  group 

Kentucky 

Missouri 

Western  group 

California 

Colorado 


Grand  Totals  (11). 
Average  (of  11) 


$10.50 
10.50 
11.80 
11.40 
13.85 

12.35 
9.20 

12.50 
11.40 

6.714 
12.80 


123.01 
11.18 


$10.50 
10.50 
11.80 
11.40 
13.30 

12.35 
9.20 

12.50 
11.00 

7.618 
12.80 


122.97 
11.18 


Per  cent  of  increase  over  1915. 


$10.50 
11.50 
13.00 
11.40 
13.30 

14.50 
14.65 

12.50 
12.95 

10.501 
14.20 


139.00 
12.64 


13.1 


$15.00 
20.00 
16.50 
16.50 
17.75 

26.50 
23.06 

16.50 
20.60 

14  01 
24.00 


210.42 
19.13 


71.1     107.6 


24.28 


21.50 


45.78^ 
23.20» 


12-inch  valves 


Connecticut... 
Pennsylvania. 
Michigan 


Grand  totals  (3). 
Average  (of  3) . . . 


$31.00 
44.65 
36.80 


112.45 
37.48 


$31.00 
36.55 
36.80 


104.35 
34.78 


Per  cent  of  increase  over  1915 19.4        87.6       98.7 


$34.50 
45.10 
45.00 


124.60 
41.53 


$62.34 
64.65 
69.00 


195.99 
65.22 


$74.08 
60.20 


134.28<»> 

e9.oot 


1.  Connecticut 

$33.40 
26.70 
31.75 
24.00 
20.00 
23.75 

$33.40 
26.50 
31.75 
24.00 
20.00 
24.49 

$42.70 
28.00 
43.50 
24.00 
21.65 
26.40 

$54.76 
49.78 
42.00 
35.78 
35.10 
41.40 

2.  New  York 

$60.24 

3.  Pennsylvania 

54.40 

4.  Kentucky 

5.  Louisiana 

6.  Missouri 

Totals  (6) 

159.60 
26.60 

160.14 
26.69 

186.25 
32.04 

258.81 
43.13 

114.64^*^ 

Average 

53.901 

Per  cent  of  increase  over  1915 

20.1 

61.6 

102.0 

Digitized  by  VjOOQIC 


WAR  BURDENS  OF  WATER   WORKS  IN   UNITED  STATES 


317 


TABLE  ^—Cimtinutd 
Data  received  too  late  to  include  in  other  table 


BBTBBBNCB  KTUMBIB 

1914 

1916 

1910 

1917 

THBBB 
MONTHS 
OP  1918 

6-inch  valves 

Boston,  Mass. 

New  York,  N.  Y. 

$11.30 

$13.65 

$22.83 

3 

$9.00 

9.00 

13.00 

None  bought 

10 

11.25 

11.25 

13.88 

18.77 

20 

21.65 

21.38 

25.58 

45.88 

$54.78 

34 

22.74 

22.28 

28.42 

51.40 

46 

12-inch  valves 

Boston,  Mass. 

New  York,  N.  Y. 

3 

10 

$36.40 

$58.33 

$31.50 

$31.66 

33.22 

20 

33.00 

33.00 

39.33 

52.50 

$63.00 

34 

46 

2-way  hydrants 

Boston,  Mass. 

New  York,  N.  Y. 

$24.77 

$31.15 

$45.75 

3 

$28.10 

28.27 

28.80 

None  bought 

10 

20 

34.00 

33.50 

39.44 

54.77 

34 

32.00 

28.10 

51.40 

46 

Note: — For  1918,  the  average  prices  shown  are  for  the  first  two  or  three 
months  of  the  year  only  and  are  found  by  multiplying  the  1917  average  by 
the  ratio  of  the  simi  of  the  items  in  1918  to  the  sum  of  the  corresponding  items 
in  1917. 

♦  Average  of  two  items  is  $22.89. 

t  Average  of  two  items  is  $67.14. 

J  Average  of  two  items  is  $57.32. 


Digitized  by  VjOOQIC 


318 


REPORT  OP  COMHirTBE  ON 


TABLE  • 


Weighted  average  cost  of  conetriuition  materials  to  the  Indianapolis  Water  Com' 

pony  for  1916,  1916,  1917  and  three  months  of  1918,  and  percentage 

increase  over  1915  prices 


1.  Cast  iron  pipe 

2.  Cast  iron  fittings 

3.  Pig  lead 

4.  Jute 

5.  Valves,  6-inch 

12-inch.... 

6.  Valve  boxes 

7.  Hydrants — 2-way  and 

steamer 

8.  Corporation  cocks,  }-inch 

9.  Stop  boxes,  3-inch 

10.  Brick,  common 

11.  Paving,  common 

12.  Cement,  Sacks  inc 

13.  f-inch  meters 

14.  }-inch  meters 

15.  1-inch  meter 

16.  2-inch  meters 

17.  3-inch  meters 

18.  Lumber  Y.  P 

19.  Sand  and  gravel 

20.  Reinforcing  steel 


1918 

UKIT 

1916 

191t 

1917 

THBBB 
IfOMTHS 

Ton 

$21.38 

$25.58 

$45.88 

$54.78 

100  lbs. 

2.502 

2.75 

4.19 

100  lbs. 

4.460 

6.555 

10.77 

100  lbs. 

6.50 

7.75 

10.50 

Each 

11.25 

13.88 

18.77 

Each 

33.00 

39.33 

52.50 

63.00 

Each 

1.60 

2.03 

2.35 

2.72 

Each 

33.50 

39.44 

54.77 

Each 

0.32 

0.713 

0.84 

Each 

0.63 

0.75 

0.91 

1.27 

1000 

8.00 

8.50 

10.50 

13.00 

1000 

35.00 

Barrel 

1.80 

1.959 

2.207 

3.00 

Each 

6.99 

8.40* 

9.86 

10.50t 

Each 

10.50 

14.83 

Each 

14.00 

19.50 

Each 

41.65 

62.36 

62.50t 

Each 

70.80 

85.00 

M 

26.00 

33.00 

37.50 

44.00 

Load 

100  lbs. 

2.55 

3.15 

3.50 

4.00 

ass 


p€temi 
156 
67 
141 
61 
67 
91 
70 

63 
162 
101 

62 

66 
50 


57 


•  Few  purchases, 
t  Quotations. 
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TABLE  e  a 
Prices  paid  by  the  Spring  Valley  Water  Company,  San  Francisco 


Oil,  fuel,  per  barrel 

Oil,  cylinder,  per  gallon 

Packing,  flax,  per  pound 

Tubes,  boiler,  per  foot 

Valves,  rubber,  per  pound 

Waste,  cotton,  per  pound 

Oil,  dynamo,  per  gallon 

Waste,  cotton,  per  pound 

Polish,  metal,  per  gallon 

Cheese  cloth,  per  yard 

Hay,  per  ton 

Copper   sulphate,    per  hundred 

weight 

Paint,  per  gallon 

Hay,  per  ton 

Asphaltum,  per  ton 

Coal  tar,  per  barrel 

Oakum,  per  bale 

Lumber,  base 

Nails,  per  hundredweight 

Paint,  per  gallon 

Paint,  per  gallon 

Lumber,  base 

Nails,  per  hundredweight 

Paint,  per  gallon 

Meter  parts 

Fittings,  brass,  per  pound 

Fittings,  galvanized 

Covers,  meters,  per  pound 

Leather,  per  pound 

Picks,  per  dozen 


PBZCB  NORMAL 


10.701 
.53 
.40 
.32 
.70 
.09 

.36 
.09 
.85 

.03i 
18.00 

5.50 

.65 

18.00 

12.50 
6.00 
4.50 

12.50 

2.35 

.65 

.65 

12.50 

2.35 

0.65 


.35 
List  less 

85% 
.03} 
.40 

6.50 


PBXCB 
JAlfUABT,  1918 

PBBCBNT- 

AOBOr 
INCBIASB 

$1.45 

106.0] 

.86 

36.5 

.81 

102.5 

.84 

162.0 

.90 

28.5 

.15 

66.6J 

.531 

47.5] 

.15 

66.5 

.90 

6.0j 

.101 

180.0 

30.00 

66.6 

10.75 

95.5 

1.10 

69.5 

30.00 

66.5 

17.60 

40.0] 

12.00 

100.0 

8.75 

94.5 

24.00 

92.0 

4.70 

100.0 

1.10 

69.5J 

1.10 

69.5] 

24.00 

92.0 

4.70 

loo.oj 

1.10 

69.5 

20.0^ 

.57i 

64.5 

Listless 

65  and  10% 

110.0 

.06i 

78.5 

.70 

75.0 

12.75 

96.0 

in 

So  H 
Kg 


99.5 


50.0 


180.0 
66.5 

95.6 
69.5 
66.5 


74.0 


85.0 


69.5 


60.0 
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TABLE  e  tt-€<mduJM 


Shovels,  per  dozen 

Cutters,  pipe,  each , 

Stocks  and  dies,  each 

Wrenches,  each 

Pipe,  cast  iron,  per  ton 

Fittings,  cast  iron,  per  pound. . 

Lead,  pig,  per  pound 

Jute,  per  pound 

Ck>al,  per  ton , 

Picks,  per  dozen 

Shovels,  per  dozen 

Bars,  crow,  per  pound 

Fittings,  brass,  per  pound 

Fittings,  galvanized 

Pipe,  galvanized,  per  cubic  foot 
Pipe,  lead,  per  hundredweight. . 

Picks,  per  dozen 

Shovels,  per  dozen 

Cutters,  pipe,  each 

Stocks  and  dies,  each 

Wrenches,  each 

Leather,  per  pound 

Office  furniture 

Stationery 

Printing 

Office  furniture 

Stationery , 

Printing 

Hardware,  builders' 

Shellac,  per  gallon 

Janitor's  supplies 

Lumber,  per  base 

Nails,  per  himdredweight 

Fencing,  per  hundredweight 

Paint,  per  gallon 


PBZOI  irORM AL 


11.00 

1.50 

5.00 

.75 

35.00 
.03i 
.04i 
.06 

10.00 
6.50 

11.00 
.04 

.35 
List  less 
85% 
4.50 
6.50 
6.50 
11.00 
1.50 
5.00 

.75 

.40 


1.28 


12.50 

2.35 

2.65 

.65 


PBICB 
JAlfUABT,  1018 

PBBCUIT- 

▲OBOr 
nrCBBAAB 

18.50 

68.0] 

2.75 

83.5 

8.00 

60.0 

1.50 

loo.oj 

62.00 

76.5] 

.06i 

78.5 

.07 

65.0 

.12 

100.0 

13.00 

30.0 

12.75 

96.0 

18.60 

68.0 

.10 

150.0j 

.561 

64.5] 

Listless 

65  and  10% 

110.0 

10.05 

124.0 

10.75 

65.5 

12.75 

96.0 

18.50 

68.0 

2.75 

83.5 

8.00 

60.0 

1.50 

100.0 

.70 

75.0J 

40.0] 

50.0  ' 

33.0J 

40.0] 

50.0 

33.0 

50.0 

3.20 

150.0 
50.0^ 

24.00 

92.0] 

4.70 

100.0 

5.55 

109.6 

1.10 

69.5J 

a" 


60.0 


70.0 


87.5 


4Q.0 


50.0 


80.0 
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ADVANCE  IN  COST  OF  OPEBATINO  SUPPLIES 

Turning  now  to  important  t3rpical  operating  supplies,  such  as 
coal  and  alum,  yet  greater  increase  in  price  has  taken  place. 

Coed.  The  prices  paid  for  coal  by  41  important  water  works, 
table  7,  indicate  an  advance  in  prices  in  1916,  1917  and  early  1918, 
over  those  prevailing  in  1915,  of  approximately  15,  74  and  117  per 
cent,  respectively.  It  is  interesting  to  note  the  variation  in  the 
different  parts  of  the  coxmtry.  The  East  suffered  in  far  greater 
measure  than  the  South  and  the  West;  the  Central  States  in  like 
measure  with  the  Southern  and  Western  states  in  the  years  1916 


200        soo        400         500         000        TOO         aoo 

Million  Gallons  Pumped  Monthlt|  including  compressed  oar  well  production 

FlQ.  3.      PUMPAGB  AND  CoAL  FOB  28  MoNTHS  EnDINQ  ApBIL  30,   1918 

and  1917,  and  in  greater  measure  than  any  of  the  other  groups  in 
1918.  Incidentally,  it  may  also  be  noted  that  the  prices  of  fuel  oil 
reported  for  one  large  plant  in  Louisiana  and  one  in  California  show 
an  advance  in  price  in  the  opening  of  1918  of  approximately  150 
per  cent  over  those  prevailing  in  1915. 

Unfortimately,  in  coal  as  in  labor,  the  advance  in  unit  prices  does 
not  reflect  the  entire  increase  in  cost,  inasmuch  as  decline  in  quality 
of|the  coal  has  been  very  generally  observed.  Effort  was  recently 
made  to  obtain  exact  information  upon  this  subject  by  the  Indi- 
anapolis Water  Company  through  a  study  of  the  relative  coal  con- 
sumption per  million  gallons  of  water  pimiped  during  the  past  two 
years,  or  thereabouts.    The  results  of  this  study,  shown  in  figure  3, 
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KBTBK- 
UNCm 
NUM- 


TABLE8 
Increase  in  cost  of  alum 


1914 


1916 


1910 


.1917 


Eastern  group 


1918 


cts. 

cto. 

da. 

cU. 

cU. 

6 

Maine 

1.33 

1.78 

3.37 

2.30 

2.33 

7 

New  Hampshire 

1.17 

1.65 

3.38 

2.14 

11 

Pennsylvania 

0.985 

0.985 

0.985 

1.345 

12 

Pennsylvania 

0.905 

0.905 

0.905 

1.26* 

13 

Pennsylvania 

1.06 

1.06 

1.06 

1.345 

14 

Pennsylvania 

0.87 

0.87 

0.87 

1.225 

16 

Pennsylvania 

0.935 

0.935 

0.935 

1.295 

17 

Pennsylvania 

0.96 

0.96 

0.96 

1.245 

19 

Pennsylvania 

1.025 

1.0 

3.0 

1.17t 

1.30 

Central  group 


22 
24 
26 
29 
30 


Indiana 

Indiana 

Illinois 

Wisconsin 

Wisconsin 


0.96 

0.96 

0.96 

1.28 

0.93 

0.93 

0.93 

1.28 

0.91 

0.91 

0.91 

1.216 

0.92 

0.92 

0.92 

1.255 

0.87 

0.87 

0.87 

1.205 

Southern  group 


32 
33 
35 
36 
38 
39 
40 
41 
42 
43 
44 


Alabama 

Arkansas 

Kentucky 

Kentucky 

Missouri 

Missouri 

Missouri 

Missouri 

Tennessee 

Virginia 

West  Virginia 


1.20 

1.20 

1.20 

1.50 

1.19 

1.19 

1.19 

1.49 

0.575 

0.575 

1.12 

1.100 

1.22 

1.25 

3.75 

2.26 

1.135 

1.135 

1.135 

1-435 

0.97 

0.97 

0.97 

1.276 

0.975 

0.975 

0.975 

1.275 

0.923§ 

0.923 

1.136 

1.271 

1.25 

1.25 

1.25 

1.56 

1.07 

1.07 

1.07 

1.47 

.0.935 

0.935 

0.935 

1.26 

Western  group 


47 
49 


Colorado 
Iowa 


1.30 
0.97 


1.30 
0.97 


1.45 
0.97 


1.75 
1.276 


1.75  (3  mos.) 
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TABLE  ^-Coneludei 


■NOB 

iruif- 

0TATB 

lOU 

1915 

1910 

1917 

PBBCBHTINCBBABB 
or  COST  OTBB  191S 

BBB 

1910      1       1917 

Averages  by  groups 

Eastern  (9).. 
Central  (5)... 
Southern  (9). 
Western  (2).. 


Average  of  group  av- 
erages  

Average  of  25  works . 


20      Indiana 


New     York     market 
price 


1.027 

1.116 

1.718 

1.481 

64.0 

0.91 

0.91 

0.91 

1.247 

0.0 

1.074 

1.078 

1.379 

1.477 

28.0 

1.14 

1.14 

1.21 

1.613 

6.1 

1.038 

1.068 

1.304 

1.429 

23.3 

1.031 

1.068 

1.396 

1.436 

30.6 

0.861 

0.936 

1.479 

1.66 

2.08 

4.63 

3.67 

123.0 

32.7 
37.0 
37.0 
41.4 


36,1 
34.4 


71.6 


In  using  these  data,  the  effect  of  old  contracts  carr3dng  over  this  period  is 
to  be  remembered.  The  relation  between  the  prices  paid  and  the  current  mar- 
ket prices  are  indicated  in  the  above  tabulation. 

indicate  a  decline  in  quality  of  the  coal  of  from  10  to  15  per  cent, 
broadly  speaking.  The  results  are  characteristic,  rather  than 
precise. 

Carleton  E.  Davis,  chief  of  the  Bureau  of  Water  of  Philadelphia, 
reports  that  at  one  of  their  main  pumping  stations  the  increase  in 
coal  consumption  during  the  past  twelve  months  or  so  was  17.3 
per  cent  per  million  gallons  pumped,  because  of  the  inferior  quality 
of  the  coal.  At  other  stations  a  change  in  the  type  of  pump  or 
character  of  fuel  used  makes  a  comparison  impossible. 

Advance  in  price  of  alum.  The  record  of  prices  paid  by  water 
works  for  alum,  in  cents  per  poimd,  is  interesting  and  significant. 
It  is  to  be  borne  in  mind,  however,  that  it  reflects  the  leveling 
effect  of  long-time  contracts  xmder  a  rising  market.  This  is  indi- 
cated by  comparison  (table  8)  of  the  prices  submitted,  with  the 
average  New  York  market  prices,  quoted  from  the  Journal  of  In- 
dustrial and  Engineering  Chemistry. 

The  figures  submitted  indicate  an  advance  in  3  916  and  1917  over 
the  prices  of  1915,  of  approximately  30  and  24  per  cent,  whereas 
the  advance  in  the  New  York  market  pricei  ever  the  1915  scale. 
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was  123  per  cent  in  1916,  and  approximately  72  per  cent  in  1917, 
the  decline  in  the  latter  reflecting  governmental  control. 

Some  other  operation  supplies.    Table  9  shows  prices  for  sundry 
operating  and  maintenance  supplies  paid  by  the  Indianapolis  Water 


TABLE* 


Prices  paid  for  supplies  used  in  operation  and  maintenance  by  the  Indianapolis 
Water  Company  in  1915,  1916,  1917  and  three  months  of  1918 


1.  Coal 

2.  Alum 

3.  Chlorine  gas 

4.  Oil,  engine 

6.  Oil,  H.  P.  cylinder. . . 

6.  Oil,  L.  P.  cylinder.... 

7.  Oil,  linseed  oil 

8.  White  lead 

9.  Electric  power 

10.  Brass  castings 

11.  Special  cast  iron 

casting 

12.  Steel   boiler  tubes  4 

inches 

13.  Printing  bills 

14.  Heat  (M.  H.  Lt.  Co.). 

15.  Rags  (instead  of 

waste) 

16.  Gasoline 

17.  Coal  oil 


UHIT 

1916 

1016 

1W7 

1618 

QUOTAnOlTB 

»- 

OmiAAB 
OTBB 

1016 

9«tomU 

Ton 

$1.45 

$1,496 

$2,439 

$3,323 

129 

100  lbs. 

.861 

.936 

1.479 

1.939 

125 

100  lbs. 

12.50 

12.50 

15.00 

20 

Gallon 

.179 

.195 

.25 

.35 

95 

Gallon 

.349 

.35 

.44 

.555 

59 

Gallon 

.234 

.25 

..34 

.555 

137 

Gallon 

0.84 

0.78 

0.97 

1.50 

78 

100  lbs. 

7.50 

9.80 

11.50 

12.25 

63 

K.W.H. 

f.Ol 
\.0125 

.01 
.0125 

.015 
.0175 

.015 
.0175 

50* 
40* 

Pound 

.22 

.35 

.45 

.50 

127 

Pound 

.0292 

.0325 

.0411 

.0522 

78 

Foot 

.1675 

.2285 

.55 

.60 

258 

1000 

.76 

1.23 

1.42 

1.91 

151 

Year 

Cont. 

Cont, 

25% 

Increase 

25* 

Pound 

.05 

.06 

.07 

.08 

60 

Gallon 

.125 

.176 

.215 

.25 

100 

Gallon 

.07 

.08 

.10 

.12 

71 

*  Exclusive  of  demand  charges. 

Company,  during  1915,  1916,  1917  and  1918,  furnished  by  C.  C. 
Cray,  purchasing  agent  of  the  company. 

Summary.    In  table   10  and  figures  4  and  5  are  summarized 
the  increases  in  cost  of  labor  and  materials,  already  referred  to. 
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WATER  WORKS  OPERATION  AND  MAINTENANCE  COSTS 

Returns  were  received  from  about  fifty  important  water  works 
concerning  their  gross  annual  revenue,  operating  expense  including 
taxes  but  excluding  depreciation  allowance,  and  the  resulting  op- 
erating revenue  applicable  to  depreciation  allowance,  fixed  charges, 
dividends  and  surplus.  These  results  have  been  analyzed  and  put 
into  comparative  percentage  form,  in  order  that  the  change  in  con- 
ditions might  readily  be  understood.  Inasmuch  as  a  number  of 
these  records  were  given  in  confidential  manner,  with  the  under- 
standing that  the  names  of  the  corporations  would  not  be  men- 
tioned, there  has  been  recorded  merely  the  state  in  which  the  works 
were  located.  The  works  have  been  assembled  in  four  major 
groups,  the  western,  the  central,  the  eastern,  and  the  southern,  and 
are  shown  in  table  11.  A  summary  of  groups  gives  averages  for 
each  of  the  groups  and  the  average  of  the  four  group  averages,  and 
the  averages  of  all  of  the  records  cited. 

These  records  indicate,  as  do  the  construction  records,  that  no 
marked  change  in  conditions  was  felt  until  1916;  that  the  gross  an- 
nual revenutes  for  1916  and  1917  were  respectively  6  and  9  per  cent 
in  excess  of  those  for  1915,  but  slightly  more  than  those  for  1914 
on  the  basis  of  all  of  the  records  received,  or  8.5  and  13.5  per  cent 
on  the  basis  of  the  average  of  group  averages.  The  normal  advance 
in  gross  revenue,  corresponding  to  the  growth  in  population  and  in 
investment,  would  probably  have  exceeded  6  per  cent  per  annum 
and  may  have  been  substantially  greater  than  this  amoimt. 

The  increase  in  operating  expenses  over  those  of  1914-1915  was 
6  and  19  per  cent  for  1916  and  1917,  respectively,  on  the  basis  of 
all  the  records  received,  and  12.7  and  32.6  per  cent  on  the  basis  of 
the  average  of  the  group  averages. 

The  resulting  operating  revenues  applicable  to  the  depreciation 
allowance,  fixed  charges,  dividends  and  surplus  for  1916  and  1917, 
were  respectively  6  and  2  per  cent  in  excess  of  those  for  1915,  all  on 
the  basis  of  the  average  of  all  of  the  records  received;  and  3.4  and  0 
per  cent,  respectively,  in  excess  of  1915,  on  the  basis  of  the  average 
of  the  four  group  averages. 

Broadly  speaking,  therefore,  it  appears  from  table  11,  as  from  the 
graphical  representation  shown  in  figure  6,  that  the  increase  in 
operating  expense  has  substantially  absorbed  the  normal  increase 
in  gross  revenue  and  has  left  no  revenue  to  carry  the  burden  of 
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TABLE  12 
Data  on  increase  in  operating  expenses  of  sonte  American  water  works 

Under  date  of  May  31,  1918,  F.  C.  Jordan,  Secretary  of  the  Indianapolis 
Water  Company,  wrote  independently  to  a  number  of  the  leading  water 
plants  of  the  country,  requesting  information  in  reference  to  their  increase  in 
operating  expense,  and  readjustment  of  rates  to  offset,  in  part,  this  in- 
creased cost  of  operation.  Up  to  June  10,  1918,  answers  had  been  received 
from  about  forty  or  fifty  of  these  cities.  These  answers  indicate  the  following 
increases  in  operating  expenses  during  the  past  six  months,  as  compared  with 
the  normal  pre-war  operating  expenses. 

Increase  over  normal  operating  expenses 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Savannah,  Ga 

Richmond,  Va 

Milwaukee,  Wis. 

Brockton,  Mass 

Champaign,  111 

Nashville,  Tenn 

Mobile,  Ala 

Philadelphia,  Pa 

Jamestown,  N.  Y 

Toledo,  Ohio 

St.  Catherines,  Ont 

Elmira,  N.  Y 

Worcester,  Mass 

Paterson,  N.  J 

Cincinnati,  Ohio 

Springfield,  111 

Springfield,  Mo 

Springfield,  Mass 

Peoria,  111 

Jersey  City,  N.  J 

Decatur,  111 

Cleveland,  Ohio 

Des  Moines,  Iowa 

Schenectady,  N.  Y 

Xenia,  Ohio 

Flint,  Mich 

Providence,  R.  I 

Colorado  Springs,  Colo. 

Atlanta,  Ga 

Kansas  City,  Mo 

Dayton,  Ohio 

Lansing,  Mich 


Average . 


BBPOBTBD  nr- 

CBBABB 


peretm 
20 
25 
36 

28.6 
30 
25 
30 
35 
56 
32 
25 
33 
35 
16 
25 
20 
25 
17 
25 
15 
35 
31  ' 
47 
20 
33 
18 
52 
25 
40 
35 
21 
30 

29 
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TABLE  IZ-^Canduied 

Quite  a  number  of  the  water  departments  have  increased  their  water  rates 
within  the  past  year  or  so,  and  others  report  that  they  are  petitioning  for  an 
increase  or  contemplate  doing  so  in  the  near  future.  Among  those  that  have 
increased  their  rates  are  the  following: 

Atlanta,  Ga.,  reduced  its  discount  for  prompt  payment  from  25  per  cent 
to  10  per  cent. 

Cincinnati,  Ohio,  increased  its  rates  25  per  cent,  this  increase  afifeoting  all 
water  consumers. 

Dayton,  Ohio,  increased  its  annual  minimum  on  {-inch  meters  from  ^.40 
to  $6.60.  This  amount  covers  a  quarterly  consimiption  of  1000  feet  in  addi- 
tion to  the  meter  rental. 

Flint,  Mich.,  increased  the  rate  to  its  large  consumers  from  5  cents  per 
thousand  gallons  to  8  cents. 

Brockton,  Mass.,  increased  its  rates  to  all  consumers. 

Philadelphia,  Pa.,  increased  its  metered  water  rates  30  per  cent. 

Richmond,  Va.,  increased  its  rates  to  large  consumers  from  3}  cents  per 
thousand  gallons  to  5  cents. 

Detroit,  Mich.,  put  into  efifect  an  increase  covering  all  consumers,  and  is 
now  considering  an  additional  increase. 

Toledo,  Ohio,  increased  its  water  rates  on  October  12,  1916,  and  is  now 
figuring  on  another  increase. 

Savannah,  Ga.,  increased  its  rates  to  all  water  consumers. 

Toronto,  Canada,  increased  its  rates  10  per  cent  in  1917,  and  an  additional 
increase  of  25  per  cent  became  effective  in  the  early  part  of  this  year. 

The  following  cities  are  petitioning  for  increase,  or  contemplate  doing  so 
in  the  very  near  future:  Champaign,  111.;  Davenport,  Iowa;  Hamilton,  Ohio; 
Racine,  Wis.;  Springfield,  Mo.;  Tampa,  Fla.;  Worcester,  Mass.;  Kent,  Ohio^ 
etc. 


additional  investments.    There  is  marked  decline  in  revenue  in  the 
eastern  group,  however. 

Interesting  similar  data  on  increase  in  operating  expense  of  some 
of  the  more  important  water  works  in  the  United  States  were  ob- 
tained by  Mr.  Frank  C.  Jordan,  Secretary  of  the  Indianapolis 
Water  CJompany,  and  are  given  in  table  12. 

SUMMABT  OF  FINDINGS 

Records  received  from  60  typically  important  water  works  in  the 
United  States,  indicate 

(a)  That  the  advance  in  the  cost  of  labor  used  by  water  works  in 
construction  work  during  the  past  three  years  was  approximately 
13  per  cent  in  1916  and  27  per  cent  in  1917,  over  the  pre-war  costs 
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in  this  country.    These  pre-war  costs  were  fairly  reflected  by  prices 
prevailing  in  the  year  1915. 

Material  decrease  in  efficiency  of  labor  has  also  been  observed 
in  all  parts  of  the  country,  the  consensus  of  opinion  indicating  an 
approximate  loss  in  efficiency  of  from  26  to  35  per  cent. 

(b)  The  important  water  .works  construction  materials,  pipe, 
valves,  hydrants,  etc.,  have  more  than  doubled  in  cost. 

The  more  important  operating  materials,  such  as  coal  and  fuel 
oil,  have  also  more  than  doubled  and  chemicals  for  the  treatment 
of  the  water  have  advanced  from  60  to  100  per  cent  and  more. 

(c)  The  normal  annual  increase  in  revenue  of  the  water  works  of 
this  country  has  in  general  decreased,  except  where  war  activities 
have  materially  increased  the  local  market  for  water. 

(d)  The  operating  and  maintenance  expenses  have  increased 
approximately  one-third,  the  increase  in  gravity  works  being  of  less 
serious  moment  generally,  than  in  the  pumping  plants. 

(e)  The  net  revenues  applicable  to  depreciation  allowance,  fixed 
charges,  dividends,  and  surplus  have,  in  general,  remained  about 
stationary,  instead  of  increasing  substantially  from  year  to  year, 
thus  indicating  that  the  new  investment  is  not  being  taken  care  of, 
and  that  the  divisible  revenue  is  declining.  The  conditions  vary 
markedly  at  individual  plants  and  in  groups,  the  eastern  group 
showing  the  most  marked  decline  in  net  annual  revenues.  Un- 
fortunately the  conditions  are  growing  more  and  more  serious. 

CONCLUSIONS 

First.  That  the  water  works  of  the  United  States  have  suffered, 
through  war  conditions,  large  increase  in  construction  and  operation 
costs. 

Second.    That  marked  decline  in  net  revenue  has  resulted. 

Third.  These  conditions  did  not  begin  to  make  themselves  gen- 
erally felt  until  late  in  1916,  and  it  was  not  until  the  latter  part  of 
the  following  year  that  they  became  serious.  The  desirability  and 
continuity  of  employment  tended  to  delay  the  advance  in  wages. 

Fourth.  The  advance  in  cost  of  labor  used  in  extension  and 
minor  construction  work,  by  water  works  in  this  country,  has  gath- 
ered force  in  the  last  six  months,  and  it  is  the  general  opinion  of 
municipal  and  corporate  managers  that  additional  increases  are 
certain  to  come  during  1918  and  thereafter,  if  labor  is  to  be  held. 
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Fifth.  It  is  undesirable  to  replace  old,  well-trained  forces,  fa- 
miliar with  these  water  works  properties,  with  other  labor  not  hav- 
ing this  familiarity,  in  the  eflfort  to  hold  the  wages  at  a  point  below 
the  general  local  standard  for  similar  service.  The  character  of  the 
service  would  suffer  and  it  would  not  be  fair  to  labor. 

Sixth.  Serious  and  conscientious  effort  has  been  made  by  water 
works  operators  generally  to  reduce  construction  and  operating 
forces  to  a  minimum. 

These  reductions  have  in  many  cases  already  gone  beyond  desir- 
able limits,  even  to  reducing  the  working  eflSciency  of  the  properties. 

In  other  cases  still  greater  economies  are  possible  in  better  con- 
sumption of  coal;  waste  reduction  by  increased  use  of  controlling 
meters,  pitometer  surveys,  and  more  frequent  house  to  house  in- 
spection, and  in  quarterly  instead  of  monthly  meter  readings  of 
small  meters. 

Seventh.  The  general  situation  is  a  very  serious  one  and  has  shown 
itself  in  increasing  difficulty  of  attracting  capital  for  necessary 
betterments.  While  extension  of  service  is  likely  to  be  increasingly 
limited  with  the  conditions  of  war,  it  would  be  unfortunate,  if  the 
activities  of  important  industrial  and  commercial  centers,  particu- 
larly those  concerned  in  governmental  activities,  should  be  thus 
circumscribed. 

Eighth.  The  menace  of  the  situation  Ues  in  the  increasing  diffi- 
culty under  such  conditions  of  maintaining  constantly  a  water 
service  safe  from  a  sanitary  standpoint,  necessary  for  good  fire 
protection  service,  and  adequate  for  industrial,  commercial  and 
domestic  needs. 

Ninth.  Public  Service  Commissions  and  other  regulatory  bodies 
have  already  recognized  the  danger  of  the  present  situation  to  the 
public  as  well  as  to  the  utilities,  and  are  likely  at  least  to  afford 
such  relief  as  may  seem  to  them  necessary  to  maintain  credit,  but 
it  is  imperative  for  water  works  operators  to  keep  clear  records, 
showing  the  actual  change  in  conditions  and  prices  of  materials 
and  labor,  that  these  bodies  may  have  uncontestable  proof  upon 
which  to  pass  judgment  as  to  the  necessity  for  relief. 

Tenth.  It  is  imperative,  in  the  interest  of  good  service,  that 
water  works  operators  of  municipally  as  well  as  corporately  owned 
plants,  should  anticipate  their  construction  and  operation  needs,  as 
far  as  possible,  and  should  be  careful  to  obtain  the  necessary  priority 
orders,  that  the  quality  of  the  water  and  the  service  rendered  may 
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not  be  seriously  impaired  in  the  future  for  want  of  construction  and 

operation  materials  and  supplies. 

Respectfully  submitted, 

Leonard  Metcalf,  Chairman, 
George  A.  Johnson, 
George  W.  Fuller. 
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PROGRESS  REPORT  OF  COMMITTEE  ON  MECHANICAL 
ANALYSIS  OF  SANDS 

The  Committee  on  Mechanical  Analjrsis  of  Sand  has  up  to  this 
time  delayed  the  preparation  of  a  report  principally  because  of  the 
fact  that  it  is  thought  to  be  one  of  the  principal  duties  of  this  com- 
mittee to  submit  a  proposed  standard  method  of  conducting  such 
analyses  and  because  during  the  past  two  years,  especially,  the 
United  States  Bureau  of  Standards  at  Washington,  D.  C,  has 
been  active  in  securing  cooperation  and  joint  action  of  parties  inter- 
ested in  the  selection  and  adoption  of  standard  screens.  It  is 
recognized  that  standard  screens  are  required  not  only  for  the 
mechanical  analyses  of  sands  but  also  in  many  oth^r  industries, 
yet  it  is  believed  that  it  is  to  the  best  interests  of  all  having  to  do 
with  such  sand  analyses  that  the  one  standard  be  used  for  all. 
There  are  obvious  advantages  in  having  the  one  standard  screen 
scale  available  for  all  purposes  and  there  is  no  apparent  advantage 
in  having  a  separate  or  distinct  set  of  standard  screens  for  testing 
sand. 

Early  action  of  tbie  Bureau  of  Standards  in  the  matter  of  standard- 
izing sieves  resulted  in  the  adoption  of  certain  specifications  stand- 
ardizing 200  and  100-mesh  sieves  used  primarily  for  testing  cement. 
Subsequently,  early  in  1917,  responding  to  the  demands  of  industry, 
the  Bureau  of  Standards  called  a  conference  at  Washington  includ- 
ing representatives  of  practically  all  national  engineering  and  tech- 
nical organizations  and  others  interested  in  the  adoption  of  stand- 
ard sieves.  The  conference,  after  considering  various  screen  scales, 
adopted  a  standard  screen  scale  and  reconmiended  that  it  be  adopted 
generally  by  scientific,  technical,  and  engineering  societies  and  com- 
mittees as  part  of  their  specifications  for  materials  and  methods  of 
tests;  also  that  it  be  used  by  private  firms  who  have  need  of  stand- 
ard sieves.  The  conmiittee  reconunends  the  adoption  of  the  stand- 
ard screen  scale  for  sieves  used  in  the  mechanical  analysis  of  sands. 

The  screen  scale  is  essentially  metric.  The  sieve  having  an 
opening  of  1.0  mm.  is  the  basic  one  and  the  sieves  above  and  below 
this  in  the  series  are  related  to  it  by  using  in  general  the  square  root 
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of  2,  or  1.4142,  or  the  fourth  root  of  2,  or  1.1892,  as  the  ratio  of 
the  width  of  one  opening  to  the  next  smaller  opening.  The  first 
ratio,  that  is,  1.4142,  is  used  for  openings  between  1.0  mm.  and 
8.0  nmi.,  while  the  second  ratio  is  used  for  openings  below  1.0  mm. 
to  give  more  sieves  as  required  in  that  part  of  the  scale. 

Because  of  the  possible  wide  range  of  openings  in  sieves  now 
manufactured  with  a  given  number  of  meshes  of  wire  per  unit 
length,  due  to  the  use  of  wires  of  different  diameters,  and  because  of 
the  consequent  confusion  and  uncertainty  which  arise  in  designat- 
ing sieves  by  the  number  of  meshes  per  unit  length,  the  sieves  of  this 
series  are  designated  by  the  width  of  the  opening  in  millimeters,  as 
for  example  a  1.41  mm.  sieve,  or  a  0.36  mm.  sieve.  The  committee 
recommends  that  this  method  of  designating  sieves  be  adopted 
instead  of  the  customary  method  of  designating  the  number  of 
meshes  per  inch. 

To  meet  the  need  for  sieves  of  this  series  at  the  present  time  the 
committee  has  included  a  temporary  provision  in  the  specifications 
for  the  acceptance  of  sieves  of  slightly  different  mesh  and  wire  diam- 
eter than  that  called  for  in  the  screen  scale,  provided  the  resultant 
opening  is  the  same  as  the  nominal  opening  within  a  small  range. 
This  will  make  possible  the  use  of  a  number  of  sieves  now  on  the 
market  in  which  the  ratios  of  wire  diameter  to  opening  are  only 
shghtly  different  from  those  of  the  screen  scale. 

Specifications  for  standard  sieves 

Sieves  shall  be  of  brass  constructed  in  diameters  of  20  cm.  (7.87  inches)  or 
15  cm.  (5.91  inches).  These  are  the  outside  diameters  of  the  bottom  of  the 
sieves  or  the  inside  diameters  of  the  top  of  the  sieves. 

Wire  cloth  for  standard  sieves  shall  be  woven  (not  twilled,  except  that  the 
cloth  of  0.062-mm.  sieves,  may  be  twilled  until  further  notice)  from  brass, 
bronze,  or  other  suitable  wire  and  mounted  on  the  frames  without  distortion. 
To  prevent  the  material  being  sieved  from  catching  in  the  joint  between  the 
cloth  and  the  frame,  the  joint  shall  be  smoothly  filled  with  solder,  or  so 
made  that  the  material  will  not  catch. 

The  nimiber  of  wires  per  centimeter  of  the  cloth  of  any  given  sieve  shall 
be  that  shown  in  the  accompanying  table  1,  in  the  second  column,  headed 
"Mesh,"  and  the  number  of  wires  in  any  whole  centimeter  shall  not  differ 
from  this  amount  by  more  than  the  tolerance  given  in  the  5th  oolumn,  that 
headed  "Mesh"  under  the  heading  "Tolerances."  No  opening  between 
adjacent  parallel  wires  shall  be  greater  than  the  nominal  width  of  opening 
for  that  sieve  by  more  than  the  following  amounts : 

Five  per  cent  of  the  nominal  width  of  opening  for  the  8-mm.  to  1-mm. 
sieve  inclusive. 
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TABLE  1 

Standard  screens  for  mechanical  analyses  of  sand 


Metric 

Customary 

Manufactured 

Metric 

Customary 

Manufactured 

Metric 

Customary. . . . 
Manufactured. 

Metric 

Customary 

Manufactured 

Metric 

Customary — 
Manufactured 

Metric 

Customary — 
Manufactured 

Metric 

Customary 

Manufactured 

Metric 

Customary 

Manufactured 

Metric 

Customary 

Manufactured. 

Metric 

Customary — 
Manufactured 


WIDTH  or 

OPBNXNGS 


8.00 

0.315 
8.05 

5.66 

0.223 

5.66 

4.00 

0.157 

4.04 

2.83 

0.111 

2.82 

2.00 

0.079 

2.03 

1.41 

0.0555 

1.42 

1.00 

0.394 

1.01 

0.71 

0.0280 

0.72 

0.50 

0.0197 

0.50 

0.36 

0.0142 

0.36 


1.00 
2.54 
2.5 

1.4 

3.56 

3.5 

2.0 
5.1 
5.0 

2.75 

7.0 

7.0 

3.9 

9.9 

10.0 

5.0 
12.7 
12.0 

7.0 
17.8 
18.0 

9.0 
22.9 
22.0 

12.0 

30.5 

3.0 

16.0 
40.6 
40.0 


WXBB  DI- 
AMVTBB 


2.00 

0.079 
0.083 

1.48 

0.056 

0.063 

1.00 

0.039 

0.041 

0.81 

0.032 

0.032 

0.56 

0.022 

0.020 

0.59 

0.0232 

0.027 

0.43 

0.0169 

0.016 

0.40 

0.0157 

0.017 

0.33 

0.0130 

0.0135 

0.26 

0.0102 

0.011 


BATXO 
WZRB  DI- 

AMWfima, 

TO 
OPINIKG 


0.25 
0.25 
0.26 

0.26 
0.26 
0.28 

0.25 
0.25 
0.26 

0.29 
0.29 
0.29 

0.28 
0.28 
0.25 

0.42 
0.42 
0.69 

0.43 
0.43 
0.41 

0.56 
0.56 
0.60 

0.66 
0.66 
0.68 

0.72 
0.72 
0.79 


Meeh       Diameter 


0.01 
0.03 


0.01 
0.03 


0.02 
0.05 


0.02 
0.05 


0.04 
0.1 


0.08 
0.2 


0.15 
0.4. 


0.3 
0.75 


0.4 
1.0 


0.6 
1.5 


0.008 
0.003 


0.08 
0.003 


0.05 
0.002 


0.05 
0.002 


0.05 
0.002 


0.025 
0.001 


0.020 
0.0008 


0.012 
0.0005 


0.012 
0.0005 


0.010 
0.0004 
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TABLE  l—Conduied 


Metric 

Customary 

Manufactured 

Metric 

Customary — 
Manufactured 

Metric 

Customary — 
Manufactured 

Metric 

Customary . . . 
Manufactured 

Metric 

Customary — 
Manufactured 


WIDTH  or 

MK8H 

WIRE  DI- 
AMETER 

RATIO 
WIRE  DI- 
AMETER 

TO 
OPBNING 

TOLERANCES 

OPENINOS 

Mesh 

Diameter 

0.25 

23.0 

0.185 

0.74 

1 

0.008 

0.0098 

58.4 

0.0073 

0.74 

3 

0.0003 

0.25 

60.0 

0.007 

0.72 

0.17 

31.0 

0.15 

0.88 

1 

0.008 

0.0067 

78.7 

0.0059 

0.88 

3 

0.0003 

0.17 

80.0 

0.00575 

0.85 

0.125 

47.0 

0.089 

0.71 

15 

0.008 

0.0049 

119.4 

0.0035 

0.71 

4 

0.0003 

0.119 

120.0 

0.0036 

0.77 

0.088 

67.0 

0.061 

0.69 

2.5 

0.005 

0.0035 

170.2 

0.0024 

0.69 

6 

0.0002 

0.089 

170.0 

0.0024 

0.69 

0.062 

98.0 

0.040 

0.65 

3.5 

0.005 

0.0024 

248.9 

0.0016 

0.65 

9 

0.0002 

0.061 

250.0 

0.0016 

0.67 

Ten  per  cent  of  the  nominal  width  of  opening  for  the  0.71-nmi.  to  the  0.36- 
mm.  sieve,  inclusive. 

Twenty  per  cent  of  the  nominal  width  of  opening  for  the  0.25-mm.  to  the 
0.125-mm.  sieve,  inclusive. 

Thirty  per  cent  of  the  nominal  width  of  opening  for  the  0.088-mm.  and 
the  0.62-nmi.  sieve,  inclusive. 

The  diameters  of  the  wires  of  the  cloth  of  any  given  sieve  shall  be  that 
shown  in  the  third  column  of  table  1  headed  "Wire  Diameter,"  and  the  aver- 
age diameter  of  the  wires  in  either  direction  shall  not  differ  from  the  specified 
diameter  by  more  than  the  tolerance  given  in  the  last  column  of  table  1,  that 
under  "Tolerances"  headed  "Diameter." 

Sieves  shall  be  rejected  for  obvious  imperfections  in  the  sieve  cloth  or  its 
mounting,  as  for  example,  punctured,  loose  or  wavy  cloth,  imperfections  in 
soldering,  etc. 

Until  further  notice,  to  permit  the  use  of  sieves  now  on  the  market  which 
have  slightly  different  mesh  and  wire  diameters  from  that  specified  above, 
sieves  will  be  satisfactory  if  the  measurements  of  mesh  and  wire  diameters 
show  the  resulting  average  width  of  opiening  to  be  within  4  per  cent  of  the 
nominal  opening  of  a  given  sieve,  and  the  ratio  of  wire  diameter  to  opening 
of  the  sieve  in  question  is  within  0.03  of  that  given  in  table  1,  in  the  column 
headed  "Ratio  Wire  Diameter  to  Opening"  for  the  8-mm.  to  the  2-mm.  sieves, 
inclusive,  and  within  0.06  of  the  ratio  given  for  sieves  of  smaller  openings 
than  2  mm. 
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The  Bureau  of  Standards  has  announced  that  it  will  test  sieves  of 
the  standard  screen  scale  to  determine  whether  they  conform  to 
the  specifications  which  follow.  This  test  will  consist  of  an  exami- 
nation of  the  mesh  of  both  the  warp  and  shoot  wires  of  the  cloth  to 
ascertain  whether  it  comes  within  th^  tolerances  allowed;  also 
measurements  of  the  diameter  of  wires  in  each  direction  to  deter- 
mine the  average  diameter;  also  a  measurement  of  any  large  open- 
ings to  determine  whether  they  exceed  the  limits  given  in  these 
specifications;  also,  an  examination  of  the  sieves  to  discover  any 
imperfection  of  the  sieve  which  may  seriously  aflfect  its  sieving  value. 
Sieves  which  pass  the  specifications  will  be  stamped  with  the  seal 
of  the  Bureau  and  will  be  given  an  identification  number  and 
a  certificate  will  be  furnished  for  each  sieve  that  passes  the  re- 
quirements. 

For  sieves  which  fail  to  meet  the  specifications  reports  will  be 
rendered  showing  wherein  the  sieve  was  not  up  to  the  standard. 

In  the  accompanying  Table  1  the  committee  has  shown  the  speci- 
fications for  standard  screens  which  it  recommends  for  adoption  by 
the  Society.  The  first  7  sieves  Usted,  that  is  from  the  8-mm.  to  the 
1.0-mm.  sieve,  include  the  first  7  sieves  of  the  entire  screen  scale. 
For  the  sieves  smaller  than  the  1.0  mm.  sieve,  only  the  alternate 
sieves  of  the  screen  scale  are  included. 

In  the  table  are  shown  the  meshes  per  inch  and  diameters  of  wiie, 
together  with  their  tolerances,  all  expressed  in  millimeters  and  inches. 
Widths  of  openings  are  expressed  also  in  millimeters  and  inches. 
There  is  also  shown  for  each  standard  screen  specifications  for  that 
sieve  now  manufactured  which  most  nearly  approaches  the  sug- 
gested standard  screen,  as  regards  width  of  opening  and  ratio  of 
wire  diameter  to  opening. 

The  committee  wishes  to  call  attention  to  the  impbrtance  of  the 
latter  factor  or  ratio.  Referring  to  the  table,  it  will  be  observed 
that  the  ratio  of  wire  diameter  to  opening  varies  from  0.26  to  0.88, 
generally  increasing  with  the  finer  cloth.  In  practice  it  is  found 
that  the  diameter  of  wire  used  should  be  as  small  as  will  withstand 
the  service  required,  because  material  will  not  pass  cloth  composed 
of  coarse  wire  so  freely  as  it  will  pass  cloth  woven  of  fine  wire.  This 
fact  undoubtedly  is  the  principal  reason  why  confusion  has  arisen 
in  the  past  when  it  has  been  attempted  to  establish  a  relation 
between  the  diameter  of  opening  and  the  size  of  the  particle  passing 
the  opening,  that  is  the  separation  of  the  sieve.    For  instance,  in 
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the  case  of  two  sieves  having  the  same  width  of  opening,  that  in 
which  the  wire  has  the  larger  diameter  will  pass  the  larger  particle, 
and  vice  versa. 

Another  feature  of  the  manufactm'e  of  wire  cloth  which  has  con- 
siderable importance  in  affecting  the  separation  of  a  screen  is  the 
weave.  The  finer  screens  are  frequently  made  of  twilled  cloth,  that 
is  each  wire  crosses  above  and  below  each  adjacent  two  wires,  while 
in  the  plain  woven  cloth,  each  wire  crosses  above  and  below  each 
adjacent  wire.  The  plain  woven  cloth  is  always  used  for  the 
coarser  sieves.  Experience  shows  that  larger  particles  will  pass 
through  twilled  cloth  than  through  plain  woven  cloth  of  the  same 
width  of  opening. 

The  conamittee  recommends  that  the  cloth  in  all  of  the  standard 
sieves  be  plain  woven  and  not  twilled,  although  for  the  present  it 
may  be  necessary  to  use  twilled  cloth  for  the  0.062  mm.  sieve. 

Methods  of  maJcing  mechanical  analysis.  A  mechanical  analysis 
of  sand  is  generally  accomplished  in  the  following  manner:  The 
selected  sieves  are  nested  with  the  coarsest  at  the  top  varying  to 
the  finest  at  the  bottom.  For  the  8  inch  diameter  sieves  300  grams 
and  for  the  6-inch  sieves  100  grams  of  the  sand  to  be  analyzed  are 
dried  and  placed  in  the  top  sieve,  the  nest  of  sieves  is  shaken  in  a 
mechanical  shaker  practically  to  refusal  of  any  further  separation, 
the  sieves  separated,  and  beginning  with  the  finest  sieve  the  sand 
remaining  on  each  sieve  is  weighed  accumulatively.  The  results 
are  then  plotted  to  a  suitable  scale. 

There  are  six  factors  which  control  the  results  of  a  mechanical 
analysis,  as  follows:  the  selection  of  a  representative  sample;  the 
quantity  of  material  taken  for  analysis;  the  number  and  rapidity  of 
the  shakes;  the  accuracy  of  the  weights  of  the  separated  portions; 
the  rating  of  the  sieves  to  determine  their  separations;  and  finally, 
the  interpretation  of  results.  Each  of  the  above  features  has  an 
important  bearing  on  the  accuracy  and  reliabiUty  of  a  mechanical 
analysis  and  should  be  given  proper  consideration. 

The  material  to  be  analyzed  should  preferably  be  in  its  natural 
moist  condition  when  sampled  as  otherwise  it  tends  to  separate. 
When  dry  it  should  be  handled  with  a  scoop  and  thoroughly  mixed. 
In  sampling  a  pile  of  moist  sand  a  large  sample  should  first  be  taken 
of  several  portions  from  different  parts  of  the  material,  these  por- 
tions mixed,  the  resultant  sample  quartered  and  the  process  con- 
tinued until  finally  there  is  secured  a  sample  of  the  required  size. 
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The  amount  of  sand  used  should  be  as  large  as  practicable.  For 
the  8-inch  sieves  300  grams  of  graded  sand  and  for  the  6-inch  sieves 
100  grams  may  well  be  used.  More  than  these  quantities  tend  to 
stretch  and  clog  the  cloth  and  are  not  readily  separated  by  shaking. 

A  mechanical  shaker  is  required,  especially  where  a  large  number 
of  analyses  are  to  be  made.  Several  satisfactory  machines  are  on 
the  market.  The  essential  feature  of  such  a  machine  is  that  its 
speed  shall  be  properly  controlled.  Experience  will  readily  indicate 
the  period  of  shaking  required  in  the  machine  which  should  be 
operated  by  trial,  using  the  required  amount  of  sand  until  there  is 
practically  no  further  passage  of  sand  grains  through  the  screens. 

In  the  case  where  a  mechanical  shaker  is  not  available,  as  in  field 
work,  hand  shaking  when  carefully  executed  will  give  results  com- 
mensurate with  a  mechanical  shaker.  Experience  indicates  that 
when  using  the  portions  of  sand  indicated  above,  hand  shaking 
for  about  200  double  horizontal  shakes  will  give  a  satisfactory 
separation. 

The  accuracy  of  the  weighing  depends  upon  the  precision  of  the 
balance  used.  Weights  should  be  taken  to  0.1  gram,  with  the 
understanding  that  the  weights  may  be  sUghtly  in  error  when  the 
total  weight  is  greater  than  100  grams. 

The  interpretation  of  a  mechanical  analysis  depends  primarily 
upon  two  features,  the  size  of  separation  as  determined  for  each 
sieve  and  the  method  of  plotting  and  recording  results. 

At  least  two  methods  are  available  to  determine  directly  the 
separation  of  a  sieve,  either  to  measure  the  three  principal  diameters 
of  representative  sand  grains  and  to  compute  their  average  diameter 
or  to  count  and  weigh  the  grains  and  to  compute  the  volume  of  the 
average  particle  obtained  by  dividing  the  weight  of  the  average 
grain  by  its  specific  gravity.  There  is  thus  obtained  the  mean 
volume  of  the  average  grain  which  is  considered  to  be  a  sphere  and 
its  diameter  computed  and  taken  as  the  separation  of  the  sieve. 
The  former  procedure  is  recommended  as  giving  the  best  results 
for  large  gravel;  also  for  the  extremely  small  grains  of  sand  such  as 
will  pass  a  sieve,  of  200  meshes  to  the  inch.  A  pair  of  calipers  may 
be  used  to  measure  the  diameters  of  the  larger  particles  and  a  micro- 
scope to  measure  the  smaller  particles.  The  second  procedure  is 
the  one  commonly  used  for  sieves  ranging  from  4  to  140  meshes  per 
inch  and  requires  the  accurate  separation  of  the  sample,  the  count- 
ing and  weighing  of  the  grains  and  the  determination  of  the  specific 
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gravity  of  the  grains.  It  will  be  observed  that  the  rating  of  a  nest 
of  sieves  in  this  manner  is  at  best  a  tedious  and  difficult  procedure. 

Whatever  the  method  used  in  determining  the  sizes  of  the  grains 
the  securing  of  an  accurate  sample  is  of  first  importance.  The  pro- 
cedure is  as  follows:  a  sample  of  sand  is  put  through  the  sieve  in 
exactly  the  same  manner  as  in  making  a  mechanical  analysis.  Each 
sieve  is  then  shaken  a  little  by  hand  and  the  last  particles  going 
through  are  shaken  over  the  next  finer  sieve.  The  last  material 
remaining  on  the  next  finer  sieve  is  considered  the  separation  of  the 
sieve. 

Experience  indicates  that  the  results  of  the  determinations  of 
the  sizes  of  separation  are  dependent  almost  entirely  upon  the  selec- 
tion of  proper  samples,  because  two  determinations  of  the  separation 
of  a  sieve  using  portions  of  the  same  sample  should  give  the  same 
results  to  the  required  accuracy  when  reasonable  care  is  used. 
Owing  to  characteristic  variation  in  the  sizes  and  shapes  of  the  grains 
it  is  desirable  to  use  several  kinds  of  sand  from  different  locations  or 
sources  in  order  to  determine  the  average  separation.  Where 
sieves  are  required  largely  for  the  mechanical  analysis  of  a  particular 
sand  the  procedure  may  properly  be  limited  to  determinations  of 
the  sizes  of  separation  with  this  material  only. 

A  comparative  method  of  rating  sieves  also  suggests  itself  in  the 
event  that  there  is  available  a  nest  of  sieves  already  rated.  A 
representative  sample  of  sand  may  then  be  analyzed  in  the  usual 
manner  by  the  rated  sieves  and  again  may  be  separated  into  weighed 
portions  by  the  unknown  sieves.  By  plotting  the  percentages  of 
the  total  weight  on  the  curve  of  the  analjrsis  as  determined  by 
the  first  set  sieves,  the  separations  of  the  unknown  sieves  may  be 
read  directly.  The  comparative  method  has  obvious  advantages 
and  in  general  is  one  of  the  methods  now  used  by  the  Bureau  of 
Standards  to  test  100  and  200  mesh  cement  sieves. 

Because  the  method  of  rating  a  nest  of  sieves  by  counting  and 
weighing  the  grains  is  a  very  tedious  and  expensive  procedure,  inves- 
tigations have  been  made  from  time  to  time  to  determine  whether 
or  not  there  is  any  definite  relation  or  relations  between  the  width 
of  opening  of  a  screen  and  the  size  of  separation.  In  view  of  the 
fact  that  in  the  past  screens  have  been  made  with  little  if  any  atten- 
tion to  definite  specifications  or  tolerances  of  mesh  and  diameters  of 
wire  it  is  not  surprising  that  these  investigations  were  not  satis- 
factory and  did  not  indicate  whether  or  not  such  a  relation  exists. 
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Part  of  the  diflSculty  undoubtedly  was  attributable  to  the  personal 
factor  and  also  to  the  use  of  grains  of  sand  of  different  degrees  of 
sharpness. 

In  table  2  are  shown  the  openings  of  the  standard  screens  and  the 
probable  sizes  of  separation  that  may  be  obtained  with  sieves  built 
under  the  accompanying  specifications,  especially  in  regard  to  toler- 
ances of  mesh  and  diameter  of  wire.    Experience  indicates  that 

TABLE  2 
Relation  between  sizes  of  opening  and  sizes  of  separation  of  sieves 
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4.36 
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0.29 

1.09 
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1.00 

17.8 

0.43 

1.10 

1.10 

0.71 

22.9 
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30.5 
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0.36 
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0.72 

1.11 

0.40 

0.25 

58.4 

0.74 

1.11 

0.28 

0.17 

78.7 

0.88 

1.11 

0.19 

0.125 

119.4 

0.71 

1.11 

0.14 

0.088 

170.2 

0.69 

1.11 

t).10 

0.062 

248.9 

0.65 

1.20* 

0.07 

*  Ratio  assumed  for  twilled  cloth.    For  plain  woven  cloth  ratio  is  1.11 
and  separation  is  0.068  mm. 

many  sieves  used  for  the  mechanical  analyses  of  sand  would  not 
come  within  these  specifications  especially  because  the  spacing  of 
the  wires  in  one  direction  is  not  correct  and  within  these  specifica- 
tions. Moreover  it  is  not  uncommon  to  find  the  wires  used  in  the 
cloth  to  be  of  larger  diameter  and  unsatisfactory  on  this  account. 
The  Committee  is  not  in  accord  as  to  the  value  of  factors  to  be 
applied  to  determine  the  separation  of  a  sieve  with  relation  to  its 
average  width  of  opening.  It  is  obvious,  however,  that  the  use  of 
the  accompanying  specifications  should  result  in  a  material  improve- 
ment in  the  manufacture  of  testing  screens;  also  that  the  use  of  such 
factors  would  be  of  great  assistance  in  many  cases  in  determining 
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the  relation  between  analyses  made  by  different  investigators  and 
expressed  by  either  one  of  the  two  standards  of  measurement. 
Moreover,  it  is  apparent  that  the  use  of  the  standard  screens  in 
specifications  of  material  required  has  obvious  advantages  as  com- 
pared with  the  use  of  such  terms  as  will  define  the  sizes  of  the  par- 
ticles, or  of  selected  arbitrary  percentages  by  weight  of  the  particles. 
Furthermore,  the  Committee  is  not  in  accord  as  to  the  standard 
of  measurement  which  can  best  be  adopted  for  rating  sieves  required 
for  the  mechanical  analysis  of  sand.  It  is  of  course  true  that  the 
principal  use  of  such  analyses,  so  far  as  this  Association  is  concerned, 
is  for  the  determination  of  the  characteristics  of  sand  required  or 
used  for  filtration  purposes.  Moreover,  up  to  the  present  time,  the 
standard  of  measurement  has  been  the  size  of  separation  of  a  sieve 
and  not  the  width  of  opening.  The  screen  scale  now  recommended 
by  the  Bureau  of  Standards  for  adoption  is  based  upon  the  width 
of  opening  and  not  upon  the  size  of  separation.  The  committee  is 
not  yet  prepared  to  report  upon  the  adoption  or  uses  of  either  stand- 
ard of  measurement  because  further  investigation  is  required  to 
reach  a  conclusion  in  this  matter. 

Philip  Burgess,  Chairman. 
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AMENDMENTS  TO  ARTICLE  III 

This  amendment  qualifies  for  Active  Membership^  engineers, 
chemists,  and  other  technical  men,  who  act  as  such  for,  and  are  em- 
ployed by,  Associate  Members  of  the  Association.  It  is  felt  that 
in  the  past  numerous  persons  well  qualified  for  Active  Membership 
have  been  improperly  debarred  from  that  grade  through  their 
emplo3rment  by  Associate  Members.    Section  3  as  amended  follows: 

Section  3.  An  active  member  shall  be  either  a  superintendent, 
manager,  or  other  officer  of  a  municipal  or  private  water  works;  a 
civil,  mechanical,  hydrauUc  or  sanitary  engineer,  chemist  or  bacter- 
iologist, including  those  acting  technically  as  such  for,  and  employed 
by,  Associate  Members  of  the  Association;  or  any  qualified  person 
engaged  in  the  advancement  of  knowledge  relating  to  water  supplies 
in  general. 

amendment  to  article  VI 

This  is  a  highly  important  amendment  affecting  the  manner  of 
electing  officers  of  the  Association.  The  proposed  amendment  seeks 
to  evenly  balance  the  control  of  Association  affairs  by  dividing  the 
membership  into  six  districts,  each  of  which  will  have  approximately 
the  same  number  of  members,  and  according  to  the  plan  herein  pro- 
posed each  of  these  six  districts  will  always  have  representation  on 
the  Executive  Conunittee.  No  one  of  the  districts  will  be  repre- 
sented by  more  than  one  Trustee  at  any  time.  The  term  of  office 
of  Trustees  will  be  three  years  in  each  case,  two  being  elected  each 
year  in  the  districts  in  which  the  terms  of  the  incumbents  expire. 

The  new  method  of  electing  the  Nominating  Committee  herein 
proposed  is  believed  to  be  a  marked  improvement  over  the  present. 
It  provides  that  at  the  Annual  Meeting  each  district  shall  submit 
one  name,  but  not  more  than  two,  as  candidates  for  the  Nominating 

*  Submitted  by  the  Special  Advisory  Committee,  approved  by  the  Execu* 
tive  Committee,  December  1,  1917,  and  adopted  by  the  St.  Louis  Conven- 
tion on  May  14,  1918. 

365 


Digitized  by  VjOOQIC 


366  PROPOSED   AMENDMENTS  TO  THE  CONSTITUTION 

Committee  from  that  district.  The  names  so  submitted  at  the 
Annual  Meeting,  together  with  any  others  sent  to  the  Secretary 
within  sixty  days  after  the  Annual  Meeting,  are  to  be  printed  on  a 
ballot  and  mailed  to  the  voting  membership  of  each  district.  Vot- 
ing is  not  restricted  to  such  names.  Balloting  on  the  election  of 
members  of  the  Nominating  Committee  follows  in  the  same  manner 
as  that  provided  for  the  election  of  officers.  The  candidates  receiv- 
ing the  largest  number  of  votes  for  membership  on  the  Nominating 
Committee  thus  selected  by  their  respective  districts,  and  the  latest 
living  past-President  of  the  Association,  are  then  formally  appointed 
by  the  Executive  Committee  as  the  Nominating  Committee. 

This  Nominating  Committee,  composed  of  seven  members,  one 
being  elected  from  each  of  the  six  districts,  and  the  latest  living  past- 
President,  will  meet  on  or  before  January  1st  for  the  purpose  of 
selecting  nominees  for  the  offices  to  be  filled.  Reimbursement  for 
their  expenses  is  provided  for.  The  Committee  selects  but  one 
nominee  for  each  office  to  be  filled,  first  obtaining  the  consent  of  the 
nominee  to  accept  nomination  and  to  serve  if  elected.  On  or  before 
January  10th  the  Nominating  Committee  shall  report  its  list  of 
nominees  to  the  Secretary  of  the  Association,  and  on  or  before 
February  1st  the  Secretary  shall  mail  to  the  membership  this  list  of 
nomineies  selected  by  the  Committee. 

Other  nominees  may  be  made  by  petition  before  March  1st,  and 
the  balloting  for  officers  will  follow  in  the  usual  manner.  Article 
VI  as  amended  is  as  follows: 

Section  1.  The  officers  of  the  Association  shall  be  a  President, 
Vice-President,  Treasurer,  Secretary  and  Editor  of  the  Association's 
publications.  The  offices  of  the  Secretary  and  Editor  may  be  com- 
bined at  the  discretion  of  the  Executive  Committee. 

Section  2.  There  shall  be  an  Executive  Committee  in  which  the 
government  of  the  Association  shall  be  vested.  It  shall  consist  of 
the  President,  Vice-President,  Treasurer,  Secretary,  Editor,  the 
Chairman  of  the  Finance  Committee,  the  latest  two  living  past- 
Presidents  and  six  Trustees  elected  to  represent  the  six  districts 
hereinafter  established,  one  Trustee  to  be  elected  from  each  district 
to  serve  three  years.  The  President  and  Secretary  of  tlie  Associa- 
tion shall  be  the  President  and  Secretary  of  the  Executive  Committee. 

In  1919  one  Trustee  shall  be  elected  from  District  1,  and  one  from 
District  4,  to  succeed  the  present  Trustees  whose  terms  expire  in 
1919;  in  1920  one  Trustee  shall  be  elected  from  District  2,  and  one 
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from  District  5  to  succeed  the  present  Trustees  whose  terms  expire 
in  1920;  in  1921  one  Trustee  shall  be  elected  from  District  3,  and 
one  from  District  6,  to  succeed  the  present  Trustees  whose  terms 
expire  in  1921;  and  every  year  thereafter,  two  Trustees  shall  be 
elected  in  the  districts  in  which  the  terms  of  the  incumbents  expire. 

Section  3.  The  following  districts  are  established  for  the  pur- 
pose of  territorial  representation: 

District  1  shall  include  the  States  of  Maine,  New  Hampshire, 
Vermont,  Massachusetts,  Rhode  Island,  Connecticut,  Michigan, 
Wisconsin  and  the  Dominion  of  Canada. 

District  2  shall  include  the  State  of  New  York. 

District  3  shall  include  the  States  of  New  Jersey,  Pennsylvania 
and  Delaware. 

District  4  shall  include  the  States  of  Ohio,  Indiana  and  Illinois. 

District  5  shall  include  the  District  of  Columbia  and  the  States  of 
Maryland,  Virginia,  West  Virginia,  North  Carolina,  South  Carolina, 
Georgia,  Florida,  Alabama,  Mississippi,  Tennessee,  Kentucky, 
Arkansas,  Louisilana,  Kansas,  Oklahoma  and  Texas. 

District  6  shall  include  all  other  States  and  Territories  of  the 
Union,  and  all  territory  outside  of  the  United  States  not  otherwise 
provided  for. 

The  boundary  lines  of  these  districts  may  be  changed  by  majority 
vote  of  the  Association  at  any  time  when  it  becomes  necessary  so  to 
do  in  order  to  preserve  approximately  the  same  number  of  voting 
members  in  each  district.  Should  any  Trustee  be  thrown  into 
another  district  by  changes  made  in  the  boundary  lines,  he  shall 
serve  out  his  term  of  office  and  be  accredited  as  the  representative 
either  of  his  old  district  or  of  the  district  in  which  he  resides,  as  the 
Executive  Committee  may  determine. 

Section  4.  On  or  before  the  first  day  of  November  of  each  year, 
the  Executive  Conmiittee  shall  appoint  a  Nominating  Committee 
composed  of  seven  members,  one  from  each  district,  together  with 
the  latest  living  past-President  of  the  Association  who  shall  be  the 
Chairman  of  the  Committee.  The  district  members  thus  appointed 
shall  be  those  active,  honorary  or  corporate  members  who  receive 
from  their  respective  districts  the  largest  number  of  votes  of  the 
general  membership  obtained  in  the  following  manner:  members 
from  each  district  present  at  the  Annual  Meeting  shall  submit  one 
name  and  may  submit  two,  but  not  more,  from  members  from  that 
district,  as  candidates  for  the  Nominating  Committee  for  that  dis- 
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trict;  the  names  submitted,  together  with  any  others  sent  to  the 
Secretary  within  sixty  days  after  the  Annual  Meeting,  over  the 
signatures  of  at  least  twenty-five  voting  members  from  the  district 
for  which  the  candidate  is  to  be  elected,  shall  be  printed  on  a  ballot 
and  mailed  to  the  voting  membership  of  each  district  not  later  than 
the  first  day  of  October  following,  but  voting  shall  not  be  restricted 
to  such  names.  The  polls  shall  be  closed  at  the  Secretary's  office  at 
noon  October  20th.  The  said  ballots  for  each  district  shall  have 
only  the  names  of  the  candidates  for  that  district  printed  thereon 
with  space  left  for  inserting  another  name  by  the  voter.  The 
method  of  balloting  shall  be  the  same  as  that  provided  hereafter  for 
election  of  officers.  Should  there  be  a  tie  vote  in  any  district,  the 
Executive  Conmiittee  shall  decide  by  vote  which  of  the  candidates 
receiving  the  largest  number  of  votes  shall  be  appointed. 

On  or  before  the  first  day  of  January  following,  the  Nominating 
Committee  so  elected  shall  meet  at  some  convenient  point  for  the 
purpose  of  selecting  nominees  for  the  offices  to  be  filled.  Railroad 
fares  of  the  members  of  the  Conmiittee  attending  this  meeting,  on 
the  basis  of  an  allowance  of  four  cents  per  mile  of  travel,  shall  be 
paid  by  the  Association  after  the  accounts  have  been  approved  by 
the  Chairman  of  the  Nominating  Conmiittee  and  by  the  Finance 
Committee.  The  Nominating  Committee  shall  select  only  one 
nominee  for  each  office  to  be  filled,  after  obtaining  the  consent  of  the 
nominee  to  accept  nomination  and  to  serve  if  elected. 

On  or  before  January  10  the  Nominating  Committee  shall  report 
its  list  of  nominees  to  the  Secretary  of  the  Association,  who  shall 
before  the  first  day  of  February  cause  to  be  mailed  to  the  member- 
ship the  list  of  nominees  selected  by  the  Nominating  Committee. 
At  any  time  prior  to  noon  on  the  first  day  of  March  of  each  year 
additional  nominations  may  be  made  by  request  to  the  Secretary, 
signed  by  at  least  twenty-five  Active,  Honorary  or  Corporate  mem- 
bers, and  upon  the  receipt  of  such  request  the  Secretary  shall,  after 
acceptance  of  the  nomination  by  the  candidate,  add  such  additional 
nominees  to  the  final  ballot  to  be  prepared  by  him.  The  nominees 
of  the  Nominating  Committee  shall  head  such  final  ballot  for  each 
office,  and  any  additional  nominees  for  the  respective  offices  shall  be 
placed  under  the  nominees  of  the  Committee  in  alphabetical  order. 

Section  5.  Election  shall  be  by  letter  ballot.  At  least  two 
months  before  the  date  of  the  Annual  Meeting,  a  ticket  shall  be 
mailed  to  each  member  of  the  Association  entitled  to  vote.    Elach 
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member  shall  be  entitled  to  vote  for  one  candidate  for  President, 
one  candidate  for  Vice-President,  one  candidate  for  Treasurer  and 
two  candidates  for  Trustees.  The  ballot  shall  be  sealed  separately 
in  a  special  ballot  envelope.  This  ballot  envelope  shall  be  enclosed 
in  a  larger  envelope  and  forwarded  to  the  Secretary.  The  signature 
of  the  member  voting  shall  appear  on  the  outer  envelope. 

The  Secretary  with  two  canvassers  appointed  by  the  President 
shall  meet  at  a  time  and  place  directed  by  the  President,  and  shall 
open  and  count  all  ballots  cast  by  persons  entitled  to  vote.  No  bal- 
lot shall  be  counted  if  received  later  than  noon  of  the  seventh  day 
previous  to  the  beginning  of  the  Annual  Meeting. 

The  result  of  the  canvass  for  President,  Vice-President,Treasurer 
and  Trustees  shall  be  declared  by  the  President  at  the  Annual  Meet- 
ing on  certification  of  the  canvassing  board.  The  members  who 
shall  have  received  the  highest  number  of  votes  cast  for  the  several 
offices  shall  be  declared  elected.  If  there  be  a  tie  vote  the  President 
shall  order  a  vote  to  be  taken  in  the  Annual  Meeting  to  decide 
which  person  of  those  who  shall  have  received  the  same  number  of 
ballots  shall  be  chosen. 

The  terms  of  the  officers  so  elected  shall  be  as  follows:  For  the 
President,  Vice-President,  and  Treasurer,  each  one  year  beginning 
with  the  close  of  the  last  day  of  the  Annual  Meeting  and  ending  the 
last  day  of  the  next  Annual  Meeting,  or  until  their  successors  shall 
have  been  chosen;  for  the  Trustees,  three  years  beginning  with  the 
close  of  the  last  day  of  the  Annual  Meeting,  or  until  their  successors 
shall  have  been  chosen. 

Section  6.  Before  the  close  of  each  Annual  CJonvention,  the 
Ibcecutive  Committee  elected  to  serve  during  the  year  ensuing,  shall 
organize  and  elect  a  Secretary  and  an  Editor,  to  serve  until  the  close 
of  the  next  Annual  Convention,  or  until  their  successors  are  chosen. 

Section  7.  In  case  of  inability  of  the  President  to  perform  the 
duties  of  his  office,  his  position  shall  be  temporarily  filled  by  the 
Vice-President,  and  in  case  of  inability  of  the  Vice-President,  his 
position  shall  be  filled  by  one  of  the  Trustees;  the  order  of  prece- 
dence being  governed  by  priority  in  date  of  election  as  Trustee,  or  if 
the  dates  of  election  be  the  same,  by  priority  in  date  of  the  admission 
of  such  Trustees  to  membership  in  the  Association. 

Section  8.  All  vacancies  in  office,  except  as  provided  in  Section 
7  hereof,  shall  be  filled  by  vote  of  the  Executive  Committee  for  the 
unexpired  term  of  said  office  as  soon  as  practicable  after  said  vacancy 
occurs- 
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Section  9.  The  President,  Vice-President  and  Trustees  shall  be 
ineligible  to  election  to  the  same  oflSce  for  consecutive  terms. 

AMENDMENT  TO  ARTICLE  VIII 

This  proposed  amendment  is  in  the  line  of  an  endeavor  to  im- 
prove the  present  method  of  selecting  places  for  holding  Annual 
Conventions.  Heretofore  much  valuable  time  during  the  Annual 
Meetings  has  been  unnecessarily  consumed  in  selecting  the  next 
Annual  Meeting  place.  This  amendment  creates  a  Convention 
Committee,  to  be  appointed  each  year  by  the  incoming  Executive 
Committee.  This  is  to  be  a  conmiittee  of  three,  one  of  whom  is  to 
be  the  Secretary  of  the  Association.  Its  duty  is  to  investigate  all 
invitations  from  cities,  and  to  satisfy  itself  that  proper  facilities  are 
available  for  all  purposes  of  the  convention.  During  each  Annual 
Meeting  this  conmiittee  will  hold  a  meeting  at  which  advocates  of 
the  various  places  extending  invitations  will  be  heard.  The  Con- 
vention Committee  will  report  its  findings  to  the  Executive  Com- 
mittee, and  the  Executive  Committee  to  the  Convention,  and  after  a 
place  has  been  selected  one  or  more  of  the  Convention  Committee 
will  visit  the  place  selected  and  ascertain  whether  the  guarantees 
can  be  satisfactorily  carried  out,  and  if  so  make  the  necessary  ar- 
rangements. Reimbiirsement  for  the  expenses  of  the  committee  is 
provided  for.  .  The  proposed  amendments  to  Article  VIII  follow: 

Section  1.  There  shall  be  four  standing  Committees,  the  Finance 
Committee,  the  Membership  Conmiittee,  the  Publication  Com- 
mittee and  the  Convention  Committee.  The  members  of  each  shall 
be  appointed  by  the  incoming  Executive  Committee.  They  shall 
serve  for  one  year  beginning  with  the  close  of  the  last  day  of 
the  Annual  Meeting  or  until  their  successors  shall  have  been  ap- 
pointed. Special  Committees  may  be  appointed  at  any  time  by  the 
President. 

Add  a  new  section  numbered  5  to  Article  VIII  to  read  as  follows: 

Section  5.  The  Convention  Committee,  which  shall  consist  of 
three  members,  one  of  whom  shall  be  the  Secretary,  shall  investi- 
gate all  invitations  to  hold  conventions  of  the  Association,  satisf3dng 
itself  that  the  places  extending  the  invitations  have  proper  facilities 
for  the  accommodation  of  the  members  and  guests,  for  holding  the 
meetings  of  the  Association  with  its  National  Sections,  and  for 
exhibits  by  associate  members.    This  Committee  shall  invite  the 
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Convention  Committee  of  the  Water  Works  Manufacturers'  Asso- 
ciation to  cooperate  with  it.  The  Committee  shall  prepare  and  send 
to  all  cities  extending  invitations  to  hold  conventions  a  form  con- 
taining such  questions  as  may  be  necessary  to  properly  inform  the 
Committee  as  to  the  convention  facilities  ofiFered.  The  information 
shall  include  a  diagram  of  the  rooms  offered  for  meeting  rooms,  ^ 
Committee  and  Section  rooms  and  exhibition  space,  also  a  list  of 
available  hotels,  with  guaranteed  rates  and  the  number  t^at  each 
will  accommodate;  points  of  interest  to  water  works  people,  and 
entertainment,  if  any,  offered. 

During  each  Annual  Convention  the  Committee  shall  hold  a 
meeting,  at  which  advocates  of  various  places  extending  invitations 
shall  be  heard,  and  at  the  time  designated  by  the  Executive  Com- 
mittee for  the  selection  of  the  place  for  holding  the  next  Annual 
Convention  the  Committee  shall  make  a  report  to  the  convention, 
stating  in  alphabetical  order  the  invitations  received  and  fully  and 
impartially  set  forth  the  advantages  and  facilities  offered  by  each. 
Should  no  invitations  be  received  it  shall  be  the  duty  of  the  Com- 
mittee to  ascertain  what  arrangements  can  be  made  for  holding  a 
convention,  and  to  report  to  the  Executive  Committee  before  the 
convention  convenes. 

The  Committee,  or  one  or  more  members  of  the  Committee,  may, 
as  soon  as  practicable  after  the  place  for  holding  a  convention  has 
been  selected,  visit  such  place  and  ascertain  whether  the  guarantees 
can  be  fully  carried  out,  and  whether  it  is  a  suitable  place  for  holding 
a  convention  of  the  Association;  also,  if  the  place  is  approved,  to 
make  the  necessary  arrangements  for  holding  the  convention.  If, 
after  such  visit,  it  is  the  judgment  of  the  Committee  that  the  place 
is  not  suitable,  or  does  not  offer  proper  facilities,  or  for  any  other 
reason  it  would  not  be  for  the  best  interests  of  the  Association  to 
hold  its  convention  there,  the  Committee  shall  immediately  report 
its  findings  to  the  Executive  Committee,  with  its  recommendations 
as  to  the  meeting  place  for  the  next  Annual  Meeting.  The  expenses 
of  the  Committee  or  members  of  the  Committee,  in  making  such 
visits  to  be  borne  by  the  Association,  on  the  basis  of  an  allowance 
of  four  cents  per  mile  travel. 

AMENDMENTS   TO   ARTICLE   X 

This  proposed  amendment  seeks  to  clarify  the  somewhat  ambig. 
uous  phrasing  of  the  laws  governing  expenditures  by  local  sections- 
Its  passage  is  particularly  recommended  by  the  Finance  Committee 


Digitized  by  VjOOQIC 


362  PROPOSED  AMENDMENTS  TO  THE  CONSTITUTION 

on  account  of  certain  misunderstandings  which  arose  last  year  with 
respect  to  the  manner  in  which  the  expenses  of  sections  should  be 
financed.    As  amended  Section  4  of  Article  X  is  as  follows: 

Section  4.  Each  Local  Section  as  soon  as  established,  and  after 
its  rules  have  been  approved  by  the  Executive  Committee^  inay, 
with  the  approval  of  the  Finance  Ck)mmittee,  annually  receive  from 
the  Treasurer  of  the  Association,  for  local  use,  not  more  than  twenty- 
five  per^cent  of  the  annual  dues  paid  to  the  Association  by  the 
members  of  the  said  Local  Section;  except  that  in  no  case  shall  the 
total  of  all  moneys  received  by  any  Local  Section  for  any  one  fiscal 
year  exceed  the  sum  of  One  Hundred  and  Fifty  Dollars;  and  except 
that  Local  Sections  with  small  memberships,  where  the  alloted 
twenty-five  per  cent  of  the  annual  dues  paid  to  the  Association  by 
the  members  of  the  said  Local  Section  does  not  amount  to  Fifty 
Dollars,  such  Local  Sections  shall  be  entitled  to  receive  from  the 
Treasurer  of  the  Association,  for  local  use,  not  more  than  Fifty 
Dollars  in  any  one  fiscal  year. 

The  Treasurer  of  each  Local  Section  shall  forward  to  the  Secre- 
tary of  the  Association  his  application  endorsed  by  the  presiding 
o&cer  of  the  Section  for  such  portions  of  the  said  sums  above  speci- 
fied as  may  be  needed;  and  upon  receipt  of  such  application  the 
Secretary  shall  request  the  Finance  Committee  to  authorize  the 
Treasurer  of  the  Association  to  pay  such  sums  to  the  Treasurer  of 
the  Local  Section.  These  moneys  may  be  used  by  the  Local  Sec- 
tion only  in  payment  of  necessary  operating  expenses  incurred  by 
the  Section,  such  as  printing,  stationery,  postage,  rent  and  care  of 
meeting  room,  light,  fuel,  stenographer  and  stereopticon  operator 
services  at  meetings,  etc. 

At  the  end  of  each  fiscal  year  the  Treasurer  of  each  Local  Section 
shall  submit  a  certified  copy  of  his  accounts  to  the  Secretary  of  the 
Association,  the  same  being  itemized  and  showing  the  balance  on 
hand  of  the  funds  received  from  the  Association.  This  balance  shall 
be  returned  to  the  Secretary  of  the  Association,  or  shall  be  charged 
to  the  Local  Section  as  a  portion  of  its  quota  for  the  following  year. 

Special  Advisory  Commission  on  the  Constitution. 

George  A.  Johnson,  Chairman. 
Morris  R.  Sherrerd, 
Carleton  E.  Davis, 
Garrett  O.  House, 
Edward  E.  Wall. 
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PROCEEDINGS   THIRTY-EIGHTH   ANNUAL  CONVENTION 

The  Thirty-eighth  Annual  Convention  of  the  American  Water 
Works  Convention  was  held  at  the  Planters'  Hotel,  St.  Louis, 
Missouri,  May  13-17,  1918,  an  exhibit  by  the  members  of  the  Water 
Works  Manufacturers'  Association  being  held  concurrently  at  the 
same  hotel.  Although  the  constitution  requires  the  opening  session 
to  be  held  on  Tuesday,  an  informal  meeting  was  held  on  the  evening 
of  Monday,  May  13.  Water  Commissioner  Edward  E.  Wall.,  of 
St.  Louis,  introduced  Mayor  H.  W.  Keil,  who  delivered  an  address  of 
welcome,  which  was  responded  to  by  Past  President  Leonard  Metcalf . 
A  reception  and  dance  followed,  by  invitation  of  the  Local  Enter- 
tainment Committee,  of  which  Commissioner  Wall  was  chairman. 

Tuesday  Morning,  May  14-  Major  Theodore  A.  Leisen,  Q.M.R.C., 
President  of  the  Association,  being  unable  on  account  of  offi- 
cial duties  to  be  present  at  this  time,  the  session  was  called  to 
order  at  9.00  a.m.,  by  the  Vice  President,  Allen  W.  Cuddeback,  who 
presided  during  the  greater  part  of  the  convention. 

The  Canvassing  Committee,  Jas.  H.  Caldwell  and  Wm.  P.  Mason, 
reported  that  the  vote  on  the  election  of  officers  was  unanimous  for 
the  regular  nominees.  The  chair  accordingly  declared  the  following 
were  duly  elected  officers  for  the  ensuing  year:  President,  Charles 
R.  Henderson,  Davenport,  Iowa;  Vice  President,  Carleton  E.  Davis, 
Philadelphia,  Pa. ;  Treasurer,  James  M.  Caird,  Troy,  N.  Y.  Trustees, 
term  expiring  1921:  Jack  J.  Hinman,  Jr.,  Iowa  City,  la.;  Allen  W. 
Cuddeback,  Paterson,  N.  J. 

Geo.  A.  Johnson,  Chairman,  read  the  Report  of  the  Executive 
Committee,  which  is  printed  on  page  375. 

On  motion  of  Geo.  A.  Johnson,  the  Convention  tendered  t^  Miss 
Charlotte  S.  Edgley  a  unanimous  and  rising  vote  of  thanks  for 
presenting  to  the  Association  u  service  flag  which  was  hung  in  the 
hotel  lobby. 

The  recommendation  of  the  Executive  Committee  advising  remit- 
ting due  of  members  in  the  military  and  naval  service  was  discussed  by 
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Messrs.  Chester,  Wiles,  Kemble,  Metcalf,  Hatton,  Cole  and  Diven. 
The  Association  voted^to  concur  in  the  recommendation.    On  motion 


of  Henry  B.  Morgan,  it  was  voted  that  if  any  members  have  been 
dropped  from  membership  while  in  the  service  because  of  non-pay- 
ment of  dues,  such  dues  should  be  remitted  and  these  members 
re-instated. 
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Geo.  W.  Puller  delivered  an  address,  illustrated  by  lantern  slides, 
explanatory  of  the  emergency  construction  at  the  various  canton- 
ments from  the  water  works  standpoint.  The  address  was  discussed 
by  Messrs.  Metcalf,  Little,  Werner  and  Fuller. 

On  motion  of  F.  C.  Jordan,  the  following  resolution  was  adopted  by 
a  unanimous  rising  vote: 

Resolved:  That  Vice  President  Cuddeback  be  requested  to  telegraph  to 
Ex-President  Dabney  H.  Maury  our  deep  sense  of  his  valuable  work  in  fur- 
therance of  the  prosecution  of  the  war,  and  our  congratulations  upon  the  suc- 
cess of  his  patriotic  and  fruitful  efforts,  and  the  pledge  of  the  American  Water 
Works  Association  to  oo6perate  with  Lieutenant-Colonel  Maury  in  every  way 
possible  to  still  further  develop  and  carry  forward  his  plans. 

The  Report  of  the  Special  Advisory  Committee  on  Amendments  to 
the  Constitution  was  presented;  it  is  printed  on  page  355. 

After  discussion  by  Messrs.  Metcalf,  Chester,  Wall  and  Henderson, 
the  entire  report  of  the  Conunittee  was  concurred  in  and  the  several 
amendments  as  reported  by  them  and  distributed  in  printed  form  to 
the  membership,  were  adopted  as  read. 

Tuesday  Night,  May  14, 1918,  Geo.  A.  Johnson  in  pursuance  of  « 
vote  of  the  Executive  Committee  presented  the  following  draft  of  a 
letter  to  Secretary  Mc Adoo  for  consideration : 

St.  Louis,  Mo.,  May  14,  1918. 
Hon.  William  Q.  McAdoo, 
Secretary  of  the  Treasury, 
Waehington,  D.  C. 
Dear  Sir: 

The  American  Water  Works  Association,  in  convention  assembled,  con- 
templating with  alarm  the  conditions  existing  with  reference  to  difficulties 
experienced  by  its  members  during  the  past  year  in  obtaining  the  materials 
essential  to  efficient  and  economical  maintenance  of  satisfactory  water  serv- 
ice, is  impelled  to  direct  your  attention  to  this  extremely  important  matter 
and  earnestly  to  express  the  hope  that  amelioration  steps  will  be  taken  im- 
mediately that  this  highly  essential  branch  of  public  service  may  not  be 
allowed  further  to  depreciate  at  the  expense  of  increased  public  sickness, 
public  discomfort,  industrial  inconvenience,  faltering  war  activities  and  fire 
hazard. 

The  American  Water  Works  Association  is  a  national  organization  with 
about  1300  members,  representing  every  state,  481  towns  and  cities,  37,000,000 
persons  in  the  United  States,  and  water  works  in  18  fgreign  countries.  It 
reports  through  its  members — water  works  superintendents,  commissioners, 
managers,  engineers  and  operators,— increasing  difficulties  in  construction, 
operation,  and  maintenance  of  their  water  works,  and  many  examples  fore- 
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boding  menace  to  the  public  health  and  industrial  war  activities  and  of  loss 
by  fire  due  to  impaired  service. 

Our  water  works  superintendents  and  managers  complain  of  great  diffi- 
culty in  obtaining  reasonably  prompt  deliveries  of  materials  essential  to  the 
satisfactory  operation  and  maintenance  of  the  works  in  their  charge;  manu- 
facturers and  builders  of  water  works  of  futile  results  of  applications  to  the 
Car  Service  Commission  in  efforts  to  obtain  the  delivery  of  materials  without 
which  the  highly  needed  extensions  or  repairs  to  existing  water  works  S3rstems 
cannot  be  made.  The  situation  is  critical  and  merits  inmiediate  adjustment 
that  the  prosecution  of  the  war  be  not  hampered,  nor  the  health  and  well 
being  of  the  Nation  be  threatened,  due  to  faltering  or  unsatisfactory  water 
service. 

To  this  end  we  respectfully  commend  to  your  favorable  action  the  ap- 
pended list  of  materials  essential  to  the  satisfactory  and  economical  perform- 
ance of  the  water  departments  of  America,  and  request  that  they  be  placed 
at  once  on  the  essential  list,  and  furthermore  that  they  actually  be  given  all 
reasonable  priority  in  transportation. 

Very  respectfully, 
The  American  Water  Works  Association. 

By  ,  President. 

Approved  by  the  Executive  Committee 

Ratified  by  the  Association  in  General  Convention  at  St.  Louis,  Mo.,  May 

14,  1918. 

3y ^  Secretary. 

On  motion  of  Walter  Edward  Miller,  seconded  by  Geo.  W.  Fuller, 
the  recommendation  of  the  Executive  Committee  was  concurred  in 
and  the  foregoing  draft  of  letter  approved,  by  unanimous  vote. 

A  discussion  on  the  increased  cost  of  operation  of  water  works  and 
the  difficulties  under  which  they  are  being  managed  under  war  con- 
ditions, was  held,  in  which  Geo.  A.  Johnson,  J.  G.  Chester,  N.  T. 
Veatch,  Jr.,  and  Leonard  Metcalf  participated. 

E.  R.  Conant  read  a  paper  on  "The  Artesian  Water  Supply  of 
Savannah,  Ga.,"  which  was  diecussed  by  J.  N.  Chester  and  Walter 
E.  MiUer. 

In  the  absence  of  Louis  L.  Tribus,  New  York  City,  his  paper  on 
"Water  Treatment  Conditions  at  Council  Grove,  Kans."  was  read 
by  Geo.  A.  Johnson,  and  discussed  by  C.  C.  Young. 

Wednesday  Morning^  May  15.  The  President,  Major  Theodore 
A.  Leisen,  Q.M.R.C.,  officer  in  charge  of  utilities.  Camp  Custer, 
Mich.,  occupied  the  chair  at  this  session  and  delivered  the  Annual 
Presidential  Address,  printed  on  page  250. 

The  chairman  of  the  Finance  Committee,  George  A.  Johnson,  pre- 
sented its  report,  which  is  printed  on  page  376.    In  addition  he  gave  in 
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detail  the  expenditures  for  the  preceding  year,  so  ais  to  furnish  the 
members  with  a  full  understanding  of  the  proposed  budget  for  the 
ensuing  year.  He  further  referred  to  the  fact  that  there  was  sl  move- 
ment on  foot  to  improve  the  character  of  the  Journal  and  allowance 
had  been  made  for  that,  to  be  acted  on  by  the  incoming  Executive 
Committee.  On  motion  of  J.  N.  Chester,  the  report  was  accepted 
and  filed. 

Chairman  of  PubUcation  Committee  presented  the  report  of  that 
Committee  which  is  printed  on  page  380. 

On  motion  of  R.  F.  Johnson,  the  report  was  approved,  especially  its 
recommendations  in  regard  to  the  Journal. 

The  report  of  the  Committee  on  Revision  of  Standard  Specifica- 
tions for  Cast  Iron  Pipe  and  Specials,  John  H.  Gregory,  Chairman, 
was  presented.  It  was  the  same  report  that  was  submitted  at  the 
Richmond  Convention  in  May,  1917,  and  printed  in  the  Journal  for 
September  of  that  year,  but  was  accompanied  by  a  tentative  draft  of 
standard  specifications  printed  on  page  385  of  this  number.  The 
report  and  specifications  were  sent  to  the  members  with  a  question- 
naire. In  reply  to  these  questions,  33  voted  in  favor  of  revising  the 
present  specifications  and  13  against  revision  or  questioned  its  use- 
fulness, 32  voted  for  and  12  against  a  uniform  outside  diameter,  26 
voted  for  and  11  against  specifying  chemical  requirements,  and  29 
voted  for  and  6  against  specifying  a  relation  between  flexure  and  the 
breaking  load.  The  report  was  discussed  by  E.  E.  Wall.  H.  B.  Mor- 
gan, Leonard  Metcalf,  Walter  Wood  and  T.  A.  Leisen,  and  at  the 
close  of  the  discussion  it  was  voted  to  continue  the  Committee. 

The  following  were  selected  members  of  the  Nominating  Conunittee 
from  the  several  districts,  viz. : 

District  1.  H.  Hymmen,  Kitchener,  Ont. 

District  2.  Harry  F.  Huy,  Buffalo,  N.  Y. 

District  3.  Chas.  R.  Wood,  Philadelphia,  Pa.,  and  E.  W.  Hmn- 
phrey,  Erie,  Pa. 

District  4.  Henry  B.  Morgan,  Peoria,  111.,  and  W.  W.  DeBerard, 
Chicago,  111. 

District  5.  J.  A.  Steele,  Jr.,  Vicksburg,  Miss. 

District  6.  John  A.  Caulfield,  Bismarck,  N.  D. 

In  the  voting  for  the  next  convention  city,  114  votes  were  cast  for 
Buffalo,  and  52  votes  for  Detroit,  and  on  motion  of  Mr.  Wall,  sec- 
onded by  Major  Leisen,  the  selection  of  Buffalo  was  made  unanimous. 
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Albert  P.  Greensfelder,  President  American  Society  of  Ekigineering 
Contractors,  St.  Louis,  Mo.,  presented  a  paper  on  "De-Hydrated 
Contracts."  On  motion  of  Mr.  Wall,  the  President  was  directed  to 
appoint  a  special  committee  to  draft  a  standard  form  of  contract  and 
bond,  to  report  at  the  next  convention. 

Wednesday  nighty  May  16,  Jack  J.  Hinman,  Jr.,  presented  a 
paper  on  "Literature  of  Field  Water  Supply." 

Robert  B.  Morse,  and  Abel  Wolman  presented  jointly  a  paper  on 
"The  Practicability  of  Adopting  Standards  of  Quality  for  Water 
Supplies,"  which  was  discussed  by  Jack  J.  Hinman,  Jr.,  C.  Artliur 
Brown,  and  W.  S.  Cramer. 

On  account  of  the  lateness  of  the  hour  a  paper  on  "Preliminary 
Analysis  of  the  Degree  and  Nature  of  Bacterial  Removal  in  Filter 
Plants,"  by  Abel  Wolman,  was  read  by  title. 

Superintendents  day,  Thursday  morning j  May  16.  Vice  President 
Cuddeback  read  the  following  telegram  from  Lieutenant-Colonel 
Maury: 

I  am  deeply  grateful  for  message  of  congratulation  and  pledge  of  codpera- 
tion.  The  credit  for  whatever  has  been  accomplished  belongs  to  the  entire 
Construction  Division  with  which  I  was  lucky  enough  to  be  associated. 
Please  convey  to  my  friends  and  fellow-members  my  most  cordial  greetings 
and  best  wishes  for  success  of  convention.  Nothing  but  the  work  here  could 
prevent  my  being  with  you. 

Dabnet  H.  Maurt. 

Discussion  on  experiences  with  frozen  services,  mains  and  meters 
during  the  severe  winter  of  1917-1918  was  opened  by  Vice-President 
Cuddeback  and  papers  on  the  same  subject  were  presented  from  F.  E. 
Kingsbury,  A.  R.  Hathaway,  John  T.  Metcalf,  J.  M.  Diven,  Samuel 

E.  Killam,  J.  Walter  Ackerman,  William  W.  Brush,  and  Charles  A. 
Windholz.  In  addition  there  was  oral  discussion  by  W.  H.  Randall, 
C.  W.  Wiles,  Robert  C.  Wheeler,  Dr.  M.  P.  Conway,  Walter  Edward 
Miller,  Dow  R.  Gwinn,  H.  Hymmen,  C.  W.  Schiedel.  James  P.  Flat- 
lay,  F.  T.  Kemble,  L.  B.  Landmann,  Alvin  Bugbee,  Beekman  C. 
Little,  Wm.  Luscombe,  E.  E.  Davis,  W.  H.  Randall,  W.  A.  Judd,  R. 

F.  Johnson,  A.  F.  Mellen,  Wm.  H.  Henby,  J.  Arthur  Jensen,  and 
Henry  P.  Bohmann. 

Superintendents^  day^  Thursday  afternoon^  May  16,  Vice-Presi- 
dent Cuddeback  read  a  letter  from  Wm.  W.  Brush,  calling  special 
attention  to  a  questionnaire  on  frozen  services  and  mains,  sent  to 
members  of  the  New  York  Section,  which  Mr.  Bettes  requested  to  have 
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laid  before  the  (Convention.  Mr.  Brush  stated  that  the  New  York 
Section  would  not  feel  hurt  if  the  convention  should  decide  to  have 
a  committee  appointed  representative  of  all  sections  to  secure  the 
desired  information. 

Mr.  Cuddeback  referred  to  the  extensive  interest  in  frozen  services 
and  thought  the  subject  could  best  be  handled  by  a  special  committee 
to  consider  all  of  the  papers  presented  and  the  discussions  of  the  morn- 
ing. On  motion  of  W.  H.  Randall,  the  appointment  of  such  a  com- 
mittee was  authorized.  The  question  as  to  whether  it  is  advisable  for 
the  Association  to  adopt  a  standard  form  of  electrical  thawing  machine 
was  referred  to  the  special  committee  just  appointed. 

Thomas  E.  Flaherty  presented  a  paper  on  "Office  Records," 
which  was  illustrated  by  lantern  slides. 

Mr.  Cuddeback  showed  lantern  slides  illustrating  office  records  and 
the  method  of  keeping  them. 

F.  M.  Griswold  addressed  the  convention,  in  reference  to  the 
national  standard  thread  on  all  hose  couplings  and  hydrant  outlets. 

Mr.  Cuddeback  presented  a  paper  on  "Water  Consumption," 
illustrating  it  with  lantern  sUdes. 

Office  records  and  consumption  were  discussed  by  E.  R.  Townsend, 
Chester  R.  McFarland,  and  E.  E.  Davis. 

Thursday  night,  May  16,  A.  V.  Graf  read  a  paper  on  "Some 
Aspects  of  Chemical  Treatment  at  St.  Louis  Water  Works,"  which 
was  discussed  by  Dow  R.  Gwinn. 

C.  M.  Daily  read  a  paper  on  "The  Double  Forty-Eight  Inch  Mani- 
fold at  BisselFs  Point,"  illustrated  by  lantern  slides.     (No  discussion.) 

L.  A.  Day  read  a  paper  on  "The  New  110,000,000  Gallon  Pump 
at  Chain  of  Rocks,"  illustrated  by  slides.     (No  discussion.) 

Friday  morning ,  May  11,  By  unanimous  vote,  and  with  applause, 
the  following  telegram  was  read  and  ordered  published  in  the  Jouknal. 

France,  May  17,  1918. 
President  American  Water  Works  Associationf  St.  Louis t  Mo, 

Greetings;  Babbitt,  Bartow,  Bowles,  Brennan,  Busweli,  Catlett,  Ferguson, 
Fritze,  Hale,  Hadsen,  Hawley,  Haziehurst,  Lee,  Letton,  Mitchell,  Murphy, 
Pugh,  Roberts,  Suter,  Scharff,  Walker,  American  Force. 

[signed]  Lonqlet. 

There  being  no  one  present  representing  the  Committee  on  Stand- 
ard Specifications  for  Wrought  Iron  Pipe,  the  committee  was  dis- 
charged and  the  President  authorized  to  re-appoint  if  found  advisable 
all  of  the  members  of  the  present  Conmiittee. 
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Philip  Burgess,  chairman  of  CcHnmittee  on  Mechanical  Analysis  of 
Sand,  sent  a  letter  stating  that  a  progress  report  had  been  prepared, 
which  was  accompanied  by  notes  by  other  members  of  ^e  Com* 
mittee;  and  on  motion  of  Dow  R.  Gwinn  this  was  referred  to  the 
Publication  Committee.    It  is  printed  on  page  345. 

The  Conmiittee  on  City  Planning,  presented  no  report,  the  Chair- 
man having  resigned  his  membership  in  this  Association.  On  motion 
of  Mr.  Gwinn,  the  committee  was  discharged,  with  thanks. 

A  letter  was  read  from  Nicholas  S.  Hill,  Jr.,  chairman  of  the  Com- 
mittee on  Private  Fire  Protection  Service,  advising  that  it  had  proved 
impossible  to  do  anything  during  the  present  year  by  reason  of  several 
members  of  this  conmiittee  being  actively  engaged  on  government 
work  and  unable  to  look  after  Association  affairs.  On  motion,  the 
Committee  was  discharged,  aiud  the  president  authorized  to  appoint  a 
new  Committee  to  undertake  some  positive  action.  A  general  dis- 
cussion followed  on  the  subject  of  private  fire  protection  service, 
participated  in  by  W.  J.  Wills,  J.  M.  Diven,  W.  H.  Randall,  Dow 
R.  Gwinn,  Chester  R.  McFarland,  E.  E.  Daviri,  Henry  B.  Morgan, 
George  C.  Habermeyer,  E.  E.  Wall,  J.  Walter  Ackerman,  C.  W. 
Schiedel,  and  A.  W.  Cuddeback.  On  motion  of  Mr.  Gwinn,  sec- 
onded by  C.  R.  McFarland,  the  following  resolution  was  adopted 
unanimously: 

Resolved:  That  it  is  the  sense  of  the  American  Water  Works  Association  in 
Thirty-eighth  Annual  Convention  assembled  at  St.  Louis,  Mo.,  May  14-17, 
1918,  that  private  fire  protection  is  valuable  and  should  be  paid  for  by  those 
who  enjoy  this  unusual  privilege;  that  the  Water  Works  Department  or 
Company  shall  in  all  cases  specify  the  size  of  the  connections  to  be  made  with 
the  water  mains;  that  no  permit  be  issued  for  private  fire  protection  connec- 
tions without  the  approval  of  the  Chief  of  the  Fire  Department;  that  all  pri- 
vate fire  protection  lines  shall  be  metered;  that  all  those  desiring  private 
fire  connections  shall  submit  plans  and  blue-prints  of  the  proposed  lines 
through  their  factories  or  premises',  and  that  no  permit  shall  be  issued  for 
connection  to  the  mains  imtil  such  plans  and  blue-prints  are  filed  with  and 
duly  approved  by  the  Superintendent  of  the  Water  Department  or  Company; 
that  in  furnishing  private  fire  protection  the  Water  Department  or  Company 
does  not  guarantee  to  furnish  the  proper  quantity  of  water  through  the  fire 
protection  services  or  to  guarantee  anything  relative  to  such  service;  further 
that  there  shall  be  no  connection  between  the  fire  protection  services  and  any 
other  source  of  supply. 

No  report  having  been  received  from  the  Committee  on  Official 
Standards  of  Water  Analysis,  the  question  of  whether  the  Committee 
should  be  continued  was  left  to  the  discretion  of  the  President. 
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The  Committee  on  Classification  of  Technical  Literature  was  dis- 
charged, with  thanks  for  the  work  it  had  done. 

On  motion  of  C.  W.  Wiles,  the  President  was  authorized  to  appoint 
a  new  Committee  on  Depreciation,  the  correspondence  now  in  hand 
referring  to  this  subject  to  be  turned  over  to  it. 

On  motion  of  Water.Commissioner  Wall,  St.  Louis,  Mo.,  a  unani- 
mous vote  of  thanks  wlas  tendered  to  the  United  Railways  Company 
of  St.  Louis  for  courtesies  received. 

On  motion  of  Secretary  Diven  a  rising  vote  of  thanks  was  tendered 
to  the  Local  Committees  and  especially  the  Ladies'  Committees,  for 
the  way  in  which  the  visiting  members  and  guests  were  entertained  at 
St.  Louis. 

W.  A.  Foley  read  a  paper  on  "Some  Phases  of  Distribution  Work," 
illustrated  by  lantern  slides.  The  paper  was  highly  commended  by 
Chairman  Cramer,  and  on  motion  of  W.  H.  Randall  a  special  vote 
of  thanks  was  tendered  the  author. 

ILLINOIS  SECTION 

The  tenth  annual  meeting  of  the  Illinois  Section  was  held  at 
Urbana  on  April  16  and  17.  In  welcoming  the  Section,  Vice  President 
David  Kinley  of  the  University  of  Illinois  made  the  significant 
statement  that  there  were  not  the  same  numbers  of  students  to  be 
seen  because  about  1800  undergraduates  had  gone  into  war  service. 
It  might  be  added  that  of  seventeen  members  residing  in  Champaign 
and  Urbana  five  are  now  army  oflScers  and  three  are  working  directly 
for  the  government.  The  attendance  was  43,  small  for  an  annual 
meeting  of  this  Section  and  due,  according  to  Chairman  E.  Mac- 
Donald,  to  the  absence  in  government  work  or  arduous  war-time 
labors  of  many  of  the  men  hitherto  prominent  in  the  Section's 
affairs.  The  treasurer  reported  that  the  Section  was  without 
indebtedness. 

The  papers  presented  were  as  follows: 

**  Unusual  Winter  Conditions  at  Evanston,"  I.  C.  Brower. 

*' Homemade  Thawing  Machine,*'  F.  C.  Amsbary. 

"Water  Waste  Elimination;  Methods  and  Results  at  Oak  Park," 
H.  P.  T.  Matte. 

"Letters  from  the  Front,"  W.  W.  DeBerard. 

"Storage  of  Coal,"  Prof.  H.  H.  Stoek. 

"Reclamation."  Prof.  F.  H.  Newell. 
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*' Water  Supply  and  Sanitation  at  Govenunent  Camps,"  S.  A. 
Greeley. 

"Some  Tests  of  Electrically  Operated  Deep-Well  Pumps,"  P.  S. 
Biegler  and  I.  W.  Fisk. 

''Some  Recent  Sewage  Treatment  Work,"  W.  D.  Hatfield. 

"The  Property  of  Certain  Water,  with  Reference  to  their  Action 
on  Metals,"  Prof.  S.  W.  Parr. 

"Reinforced  Concrete  Pressure  Pipe,"  Coleman  Meriwether. 

"Pollution  and  Fish  Life,"  Prof.  Victor  Shelf ord. 

The  Secretary,  G.  C.  Habermeyer,  reported  that  the  Section  had 
110  active  members,  1  corporate  member  and  14  associate  members 
on  April  16,  1918. 

In  the  election  of  officers  W.  W.  DeBerard  was  chosen  chairman, 
W.  E.  Lautz  vice-chairman,  H.  E.  Keeler  treasurer,  and  F,  C. 
Amsbary  trustee.  H.  M.  Ely  was  elected  trustee  to  fill  the  imex- 
pired  term  of  Mr.  Lautz. 

During  the  meeting  the  annual  dinner  was  served  at  Hotel  Beard- 
sley,  the  University  student  brigade  was  reviewed,  and  a  visit  paid 
to  Chanute  Field  aviation  school. 

The  following  resolution  was  adopted : 

Whereas,  Circular  No.  C.  S.  1-A,  issued  March  26,  1918,  by  the  United 
States  Railroad  Administration  states  that  liquid  chlorine,  alum,  sulphate  of 
iron  and  similar  chemicals  are  exempt  from  embargo  when  to  be  used  for  puri- 
fication of  public  water  supplies  and  consigned  to  municipal  authorities,  and 

Whereas,  it  is  apprehended  that  some  local  railroad  officials  may  interpret 
the  wording  ''municipal  authorities**  too  strictly  in  case  of  private  owner- 
ship of  plants,  and 

Whereas,  other  materials  in  addition  to  chemicals  are  just  as  essential  to 
the  proper  protection  of  the  health  and  property  of  the  community,  Therefore 
be  it 

Resolvedf  that  the  Illinois  Section  of  the  American  Water  Works  Associa- 
tion recommend  to  the  American  Water  Works  Association  that  it  take  up 
the  matter  of  relief  in  shipments  of  materials  for  the  maintenance  and  opera- 
tion of  public  water  supplies  by  requesting  United  States  Railroad  Adminis- 
tration, Division  of  Transportation,  Car  Service  Section,  for  priority  of  such 
materials  and  supplies. 

OBITUARY    NOTICES 

B.  F.  Souder,  Superintendent  of  Distribution,  Atlantic  City, 
N.  J.;  elected  June  24,  1913;  died  May  23,  1918. 

William  R.  Hill,  Consulting  Engineer,  Albany,  N.  Y.;  elected 
member,  June  9,  1897;  died  June  16,  1918. 
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TREASURER'S  REPORT 

Troy,  N.  Y.,  March  31,  1918. 

Permit  me  to  submit  my  report  as  Treasurer  of  The  American 
Water  Works  Association  for  the  year  ending  March  31,  1918. 

The  funds  of  the  Association  are  on  deposit  with  The  Troy  Trust 
Company,  Troy,  N.  Y. 

The  receipts  during  the  year  were  as  follows: 

Balance  April  1,  1917 $3,262.36 

Received  from  J.  M.  Diven,  Secretary 10,568.01 

Interest  on  deposits 118.92 

Interest  on  investments 335.00 

Total $14,284.29 

Disbursements  as  per  vouchers,   cancelled  checks  and 

debit  slips $12,796.59 

Balance,  April  1,  1918 $1,487.70 

The  disbursements  include  $5,000.00  used  for  the  purchase  of 
United  States  Liberty ^Bonds  for  the  Permanent  Fund. 

Attached  you  will  find  certificate  of  The  Troy  Trust  Company 
showing  a  deposit  of  $1,511.80  at  the  close  of  business  March  30, 
1918. 

From  this  balance  there  should  be  deducted  the  following  for 
unretumed  checks. 

Deposit  as  per  certificate $1,511 .80 

Unretumed  checks 

V785r-Ck.  955  A.  C.  Schmidt 11 .50 

793— Ck.  963  Nora  Pederson 3.00 

794— Ck.  964  H.  A.  Whittaker 5.85 

795— Ck.  965  Williams  &  Wilkins  Co 3.75         $24.10 

Balance,  AprH  1,  1918 $1,487.70 

The  receipted  vouchers,  cancelled  checks  and  debit  sUps  with  the 
book  of  the  Treasurer  are  submitted  for  audit. 
The  Permanent  Fund  now  consists  of  the  following: 

4-$l,000.    Dominion  of  Canada  15  yr.  5%  Bonds,     (no. 

2379^24460-24693-24694) $4,000.00 

2-$l,000.    Am.  Foreign  Sec.  Co.  3  yr.  5%  Notes.     (M- 

31719-M31720) $2,000 .  00 

44500.    U.  S.  Liberty  Loan  of  1917  3-i%  Bonds.     (113880- 

113881-113882-113883) $2,000.00 
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1-11,000.    U.S.  Liberty  Loan  of  1917  45B  Bond.     (114824)...    $1,000.00 

1^,000.    U.  S.  Certificate  of  Indebtedness  4-i% $2,000.00 

Par  value  of  permanent  fund $11,000.00 

The  Treasurer  receives  no  salary  and  is  under  bond  as  per  the 
order  of  your  Committee. 

James  M.  Caird, 
Treasurer. 

Thb  Trot  Trust  Compant 

Troy,  N.  Y.,  March  30,  1918. 
This  is  to  certify  that  at  the  close  of  business  March  30th,  1918,  the  balance 
to  the  credit  of  the  American  Water  Works  Association  was  Fifteen  Hundred 
Eleven  and  80/100  Dollars  ($1,511.80). 

Harold  K.  Downing, 
Vic€-'Pre9iderU. 
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REPORT  OF  EXECUTIVE  COMMITTEE 

The  present  Executive  Committee  met  for  organization  following 
the  announcement  of  the  election  of  oflBcers  at  the  convention  at 
Richmond  last  May,  and  elected  John  M.  Diven,  secretary,  John 
M.  Goodell,  editor,  and  George  A.  Johnson,  chairman  of  the  Finance 
Committee. 

A  meeting  of  the  Executive  Conmiittee  was  held  at  the  Hotel 
Astor,  New  York  City,  on  December  1,  1917,  at  which  the  chairman 
of  the  Constitutional  Revision  Conmiittee  reported.  All  members 
of  the  Executive  Conmiittee,  with  the  exception  of  Mr.  Rust,  were 
present.  The  proposed  revision  of  the  Constitution  was  thoroughly 
discussed,  and  a  final  revision  was  agreed  upon  for  submission  to  this 
convention. 

At  the  request  of  the  American  Society  of  Mechanical  Engineers, 
Nicholas  S.  Hill,  Jr.,  with  John  N.  Chester  as  alternate,  was  ap- 
pointed as  a  representative  to  attend  the  public  hearing  on  the 
Power  Test  Codes  of  that  Society  held  in  New  York  City,  December 
7,  1917. 

The  honor  roll  was  brought  up  for  discussion,  and  it  was  decided 
to  include  in  this  roll  not  only  the  members  but  also  the  sons  and 
daughters  in  service,  and  to  print  the  honor  roll  in  the  Journal, 
and  to  display  in  a  conspicuous  place  at  the  convention  a  service 
flag.  Mr.  Diven  announced  that  Miss  Edgley,  his  assistant,  desired 
to  furnish  a  service  flag  for  the  Association.  The  Executive  Com- 
mittee accepted  the  offer  with  gratitude,  and  now  suggests  that  a 
vote  of  thanks  by  the  convention  for  this  very  much  appreciated 
service  to  the  Association  would  be  appropriate. 

The  following  resolution  was  adopted : 

Rbsolvbd:  That  the  Elxecutive  Committee  recommends  to  the  Association 
that  the  dues  of  all  members  entering  the  service  of  the  Army  or  Navy  of  the 
United  States,  or  its  Allies,  be  remitted  during  the  period  of  the  war. 

Mr.  Kienle  appeared  before  the  Executive  Committee  to  ask  for 
a  definition  of  its  policy  with  regard  to  the  giving  of  badges  to 

375 


Digitized  by  VjOOQIC 


376  REPORTS  OF  COMMITTEES 

associate  members  who  are  not  members  of  the  Manufacturers' 
Association,  and  to  guests.  The  Executive  Conmiittee  informed 
him  that  it  could  not  discriminate  between  associate  members  who 
were  and  who  were  not  members  of  the  Manufacturers'  Association, 
and  that  the  associate  members'  badge  must  be  given  to  all  associate 
manbers  on  appUcation,  regardless  of  the  Manufacturers'  Associa- 
tion; that  the  Manufacturers'  Association  might  if  it  so  wished  add  to 
the  regular  badge  of  associate  members  some  distinctive  mark  which 
would  indicate  that  an  associate  member  was  also  a  member  of 
the  Manufacturers'  Association;  that  while  the  Executive  Com- 
mittee beUeved  it  advantageous  generally  for  associate  members  to 
become  members  also  of  the  Manufacturers'  Association,  it  could 
take  no  action  directed  to  forcing  associate  members  to  become  also 
manbers  of  the  Manufacturers'  Association;  that  in  view  of  the 
growth  in  importance  of  the  convention  to  the  technical  press,  as 
indicated  by  the  increased  niunber  of  its  representatives  present  at 
the  convention,  it  was  of  the  opinion  that  it  would  be  desirable  for 
the  various  pubUcations  having  representatives  in  the  Association 
to  become  associate  members;  but  that  the  standing  of  the  represen- 
tatives of  the  press  who  were  already  or  who  might  become  active 
members  of  the  Association  would  be  in  no  wise  afifected  by  this 
action,  and  that  it  was  clearly  the  sense  of  the  Executive  Committee 
that  the  guest  privilege  should  not  be  asked  for  the  additional 
representatives  of  associate  members  wishing  to  attend  the  conven- 
tion with  commercial  ends  in  view. 

Allan  W.  Cuddeback, 
Chairman. 

REPORT  OF  THE  FINANCE  COMMITTEE  FOR  THE 
YEAR  ENDING  MARCH  31,  1918 

The  Finance  Conmiittee  present  the  following  report  on  the 
financial  operations  of  the  Association  for  the  year  ending  March 
31,  1918: 

We  have  audited  the  books  of  the  secretary  and  treasurer  and 
found  them  correct.  We  have  examined  and  verified  all  vouchers. 
Details  of  the  financial  operations  of  the  Association,  and  the  vari- 
ous funds  and  accounts,  are  fully  set  forth  in  the  respective  reports 
of  the  secretary  and  treasurer,  and  are  in  accord  with  their  books. 
Following  is  a  summarized  statement  of  the  past  year's  accounts: 
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Summarized  statement  of  accounts  for  the  fiscal  year  ending  March  SI,  1918 

Balance  on  hand  in  bank  on  April  1,  1917 $3,262.36 

Received  from  the  Secretary 10,568.01 

Interest  on  deposits 118.92 

Interest  on  investments 335.00 

Total $14,284 .  29 

There  has  been  disbursed  and  paid  by  the  Treasurer 
on  vouchers  duly  authorized  and  audited  by  the 
Finance  Committee  for  the  general  operations  of 
the  Association $7,796.59 

There  was  added  to  the  permanent  Investment  fund. .     $5,000.00 

Total $12,796.59 

Leaving  on  April  1,  1918  a  balance  in  bank  to  the 

credit  to  the  Association  of $1,487.70 

PERMANENT  INVESTMENT  FUND 

There  are  now  in  the  hands  of  the  Treasurer,  in  accordance  with 
the  authority  granted  the  Finance  Committee  by  the  Executive 
Committee,  securities  constituting  the  Permanent  Investment  Fund 
of  the  Association,  as  follows: 

Four  $1000  Dominion  of  Canada  5%  bonds,  due  April  1, 

1931 $4,000 .00 

Two  $1000  American  Foreign  Security  Company  5%  notes 

due  August  1,  1919 .* 2,000.00 

Four  $500  United  States  First  Liberty  Loan  Bonds,  Si%.  2,000.00 

One  $1000  United  States  Second  Liberty  Loan  Bond,  4%.  1,000.00 

One  $2000  United  States  Certificate  of  Indebtedness,  4i%  2,000.00 

Par  value  of  Permanent  Investment  Fund $11,000.00 

On  April  1,  1917,  there  was  a  balance  of  $3,262.36  cash  in  bank. 
As  against  this  the  former  Finance  Committee  had  subscribed  to 
the  first  issue  of  Liberty  Loan  Bonds  in  the  amount  of  $2,000. 
These  were  taken  up  and  paid  for  during  the  past  fiscal  year  as 
noted  above,  and  other  additions,  totalling  $3000,  were  made  to 
the  permanent  investment  fund.  At  the  beginning  of  the  past 
fiscal  year  the  par  value  of  the  permanent  investment  fund  was 
$6,000.    At  present  it  is  $11,000. 

BUDGET  ALLOWANCES  AND  DISBURSEMENTS 

The  budget  allowance  voted  by  the  Executive  Committee  for  the 
past  fiscal  year  amounted  to  a  total  of  $11,175. 
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That  the  expenditures  against  no  item  in  the  budget  for  1917-18 
exceeded  the  allowance  is  a  cause  for  some  gratification.  In  detail 
it  may  be  recorded  that  the  convention  expenses  at  Richmond 
were  moderately  low.  Office  expenses  for  the  year  were  kept  well 
within  the  allowance.  Election  expenses  were  approximately  equal 
to  the  allowance. 

Disbursements  for  committee  expenses  amounted  to  but  32  per 
cent  of  the  allowance.  The  expenses  of  the  Executive  Committee, 
amounting  to  a  total  of  $380.44,  and  occasioned  by  a  meeting  held 
in  New  York  on  December  1,  1917,  were  borne  by  the  committee, 
each  member  paying  his  pro  rata  share. 

Disbursements  for  section  expenses  were  well  within  the  allow- 
ance. The  salaries  of  the  secretary  and  editor  are  fixed  by  the 
Executive  Committee,  and  the  disbursements  and  allowances 
consequently  balance. 

The  allowance  for  printing  the  Journal  was  made  somewhat 
more  Uberal  last  year  in  anticipation  of  increased  postal  rates  and 
printing  charges.  These  increases  did  not  materialize,  and  the 
expenditures  against  this  item  amounted  to  but  60  per  cent  of  the 
allowance.  Expenditures  under  the  contingencies  item  were  re- 
stricted to  efforts  to  increase  the  membership. 

Respecting  the  budget  for  the  fiscal  year  1918-1919,  the  recom- 
mended allowances  are  made  on  the  assumption  that  the  proposed 
constitutional  amendments  will  be  ratified  at  the  St.  Louis  meeting. 

Recommended  budget  for  the  year  1918-1919 

Convention  expenses $700.00 

Office  expenses 700.00 

Election  expenses 200.00 

Committee  expenses 1,000.00 

Section  expenses 600.00 

Insurance 76.00 

Salary  of  Secretary 1,500.00 

Salary  of  Editor 800.00 

Extraordinary  expenses  of  the  secretary,  treasurer  and 

editor 425.00 

Printing  and  distributing  Journal 5,500.00 

Total $11,500.00 

Respecting  the  suggested  budget  we  have  the  following  c(Hn- 
ments  to  make: 
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The  allowance  for  election  expenses  has  been  made  somewhat 
larger  than  last  year  in  order  to  meet  the  added  expense  anticipated 
by  the  new  procedm^  in  electing  officers,  necessitating  considerable 
additional  printing  and  postage. 

On  the  assumption  that  the  constitutional  amendments  are  ratified 
at  the  St.  Louis  meeting,  members  of  the  Nominating  and  Conven- 
tion CTommittees  are  to  be  reimbursed  for  travelling  expenses.  In 
the  suggested  budget  we  have  estimated  such  expenses  of  the  Nomi- 
nating Conmiittee  meeting  at  $280,  and  those  of  the  Convention 
Conunittee  at  $120.  The  balance  of  the  allowance  for  Committee 
expenses,  amounting  to  $600,  should  be  sufficient  to  defray  the  cost 
incurred  for  stenographic  services,  printing  and  postage  by  all  other 
committees,  including  the  Additional  Membership  Committee  and 
Conmiittee  on  Superintendents  Convention  Expenses,  if  such  com- 
mittees are  appointed.  We  believe  an  allowance  of  $250  ample  for 
the  expenses  of  the  former,  and  $100  for  those  of  the  latter. 

In  Ueu  of  increasing  the  salaries  of  the  secretary  and  editor,  it 
has  seemed  to  us  wiser  to  provide  a  new  item  in  the  budget  to  take 
care  of  extraordinary  expenses  of  these  officers  who  at  present  pay 
their  own  expenses  when  attending  the  annual  conventions  and  other 
committee  meetings  where  their  presence  is  requested.  The  sala- 
ries paid  the  secretary  and  editor  are  not  much  more  than  enough 
to  defray  the  cost  of  such  assistance  as  they  require  in  the  perform- 
ance of  their  duties,  and  it  would  seem  only  fair  that  the  Association 
should  make  suitable  provision  for  their  expenses  incurred  in  attend- 
ing annual  and  called  meetings,  and  at  times  when  they  are  obliged 
to  engage  the  services  of  additional  stenographic  assistance,  that 
they  may  not  be  required  actually  to  contribute  more  than  their 
own  time  while  serving  the  Association.  Accordingly  we  have 
introduced  an  item  in  the  budget  imder  the  head  of  Extraordinary 
Expenses  of  the  Secretary,  Treasurer  and  Editor  to  cover  these 
expenses,  and  hope  that  our  action  will  be  approved. 

In  the  work  of  our  committee  during  the  past  year  we  have  carried 
all  accounts  on  budget  depletion  sheets,  and  have  found  it  very 
helpful  to  thus  have  constantly  before  us  a  convenient  and  accurate 
statement  of  drafts  against  and  credit  balance  in  each  item. 

The  operations  for  the  past  three  years  have  shown  an  average 
surplus  of  nearly  $3,000.  A  well  organized  plan  of  campaign  for 
new  members  would,  we  beUeve,  result  in  positive  assurance  that 
this  annual  surplus  will  be  not  only  maintained  but  increased 
materially. 
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A  better  journal,  that  is,  one  containing  a  selection  of  high  grade 
papers  covering  a  wide  variety  of  subjects,  such  as  can  well  be 
obtained  through  judicious  soHciting  by  the  Publication  CJom- 
mittee,  will  increase  the  revenue  from  subscriptions  and  advertise- 
ments. These  are  important  items,  and  it  must  not  be  forgotten 
that  a  high  grade  journal  will  not  only  hold  existing  members  but 
serve  a  material  purpose  in  any  campaign  for  getting  new  members. 
The  treasurer  is  now  under  bond  for  $10,000,  as  per  order  of  the 
Executive  CJonmiittee. 

In  conclusion  we  desire  to  express  our  appreciation 'of  the  hearty 
cooperation  we  have  received  from  the  secretary  and  treasurer, 
and  other  officials  of  the  Association,  and  to  state  our  gratification 
over  the  harmonious  manner  in  which  it  has  thus  been  made  possible 
for  us  to  perform  our  duties. 

George  A.  Johnson,  Chairman. 
J.  Waldo  Sbhth, 
Frank  A.  Barbour. 

Finance  Committee. 

REPORT  OF  THE  PUBLICATION  COMMITTEE  FOR 
THE  YEAR  ENDING  MARCH  31,  1918 

The  Publication  Committee  was  not  organized  until  late  in  the 
year,  but  since  then  has  been  giving  much  thought  to  the  Journal. 
As  a  result  of  its  dehberations,  the  Conmiittee  recommends  to  its 
successor  a  more  active  endeavor  to  increase  the  value  of  the  Jour- 
nal to  our  members  and  to  all  interested  in  water  supply.  This 
quarterly  pubUcation  is  the  sole  direct  return  many  of  our  members 
receive  from  their  dues,  and  the  Publication  Committee  should  make 
every  practicable  effort  to  have  this  return  as  lai^e  and  useful  as 
the  funds  at  its  disposal  permit.  The  present  Conmiittee  believes 
that  material  improvements  can  be  made  with  very  Uttle  additional 
expense,  provided  the  members  of  the  Association  will  cooperate. 
This  is  particularly  important  because,  by  a  modification  of  some  of 
our  existing  methods  of  conducting  our  meetings,  the  usefulness  of 
our  papers  to  our  members  can  be  materially  increased,  sectional 
meetings  can  be  broadened,  and  our  printed  records  made  more 
representative  of  the  thought  of  our  entire  Association. 

The  present  Conmiittee  feels  very  strongly  the  importance  of 
this  subject,  because  it  is  so  closely  related  to  the  purpose  of  the 
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Association  to  be  American  in  fact  as  well  as  in  name.  In  these 
grim  days  of  lofty  purpose  and  most  earnest  endeavor,  when 
America  is  giving  her  all  in  a  cause  for  which  the  only  possible 
result  of  complete  success  is  freedom  for  all  nations,  great  and 
small,  from  the  domination  of  a  military  autocracy,  we  must  leave 
imtried  no  means  of  improving  the  service  we  can  render  the  com- 
munities we  serve.  Without  the  adequate  supply  of  wholesome 
water  which  it  is  our  business,  our  duty,  to  furnish,  all  our  industry 
would  falter  and  the  prosecution  of  the  war  would  suffer.  We  are 
soldiers  who  serve  at  home,  and  we  must  serve  the  best  we  can  in 
this  way. 

The  best  service  is  only  practicable  when  those  striving  to  render 
it  have  at  their  disposal  the  experience  and  opinions  of  all  similarly 
engaged.  The  Journal  of  the  American  Water  Works  Association 
ought  to  furnish  that  information.  It  is  not  doing  so  now  to  the 
extent  it  should,  and  your  Conamittee  beUeves  the  material  improve- 
ment of  the  Journal  is  one  of  the  duties  of  the  incoming  ofScers 
which  should  receive  careful  attention. 

It  is  quite  conmionly  said  that  water  works  construction  and 
management  have  become  so  standardized  that  nothing  new,  noth- 
ing really  helpful  in  a  broad  sense,  is  practicable.  Your  Conamittee 
dissents  strongly  from  such  a  view.  Whether  a  water  department  is 
bubbling  with  vitality  or  stagnant  with  mere  routine  depends 
largely  on  the  enthusiasm  of  those  at  its  head.  Standardization  is 
a  valuable  feature  of  administrative  organization,  but  standardiza- 
tion for  all  time,  never  changing  routine,  is  a  sure  indication  of 
senility.  '*Only  the  minds  of  fools  stand  still."  What  we  have 
to  do  as  an  Association  is  to  keep  our  individual  members  animated 
with  the  knowledge  of  all  the  progress  in  our  field,  and  those  who 
say  there  is  no  progress  worth  mentioning  in  our  field,  asperse  the 
thousands  of  men  earnestly  striving  to  serve  our  conamimities  more 
eflSciently,  more  economically  and  more  intensively. 

Unfortunately  a  considerable  part  of  the  progress  of  our  industry 
is  essentially  and  necessarily  slow.  Somebody  takes  a  step  for- 
ward here,  another  there,  a  third  yonder,  and  so  on  until  the  knowl- 
edge of  these  Uttle  advances  becomes  generally  distributed,  and  we 
wake  up  to  the  fact  that  the  advance  has  been  substantial.  For 
instance,  take  the  progress  in  sanitary  drinking  fountains.  A  few 
years  ago  attention  was  called  to  the  probability  that  some  of  these 
foim tains  were  sanitary  only  in  name.    Tests  of  them  were  made  in 
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a  few  places,  but  it  was  not  until  a  committee  of  our  Iowa  sec- 
tion started  an  investigation  of  the  subject  that  sanitarians  and 
water  works  superintendents  realized  to  any  extent  that  there  are 
''sanitary"  drinking  foimtains  which  are  a  distinct  menace  to 
health,  comparable  as  such  with  the  pubUc  drinking  cup.  The 
report  of  the  special  committee  on  sanitary  drinking  fountains  of 
the  Iowa  Section  will  be  printed  next  month  in  the  Journal,  and 
may  be  taken  as  a  good  example  of  the  kind  of  work  which  shows 
that  water  works  administration  is  not  to  be  classed  with  driving 
the  cows  to  pasture  but  calls  for  wide  knowledge,  good  judgment 
and  "pep." 

The  present  PubUcation  Committee  is  convinced  that  much 
more  work  like  that  of  the  committee  just  mentioned  should  be 
done.  It  therefore  requests  this  convention  to  authorize  the  Presi- 
dent to  appoint  from  time  to  time  such  special  committees  to  report 
on  features  of  water  works  practice  as  the  president  and  PubUcation 
Committee  deem  desirable,  these  committees  to  report  to  the  Publi- 
cation Committee.  If  the  reports  are  considered  by  the  Publication 
Committee  to  be  in  form  for  discussing,  copies  should  be  sent  to  the 
secretary  of  each  section,  if  received  early  in  the  Association's  year, 
so  that  they  may  be  discussed  by  each  section.  If  received  late  in 
the  year  they  can  be  presented  at  the  annual  convention. 

This  recommendation  is  made  for  two  reasons.  First,  it  will 
enable  the  PubUcation  Committee  to  start  committee  work  promptly 
when  it  is  desirable  to  place  the  results  of  that  work  before  the 
members  as  quickly  as  possible.  Second,  it  will  enable  the  PubU- 
cation Committee  to  be  of  greater  service  to  the  Sections  by  aiding 
them  in  securing  reports  on  timely  topics  for  their  meetings.  It 
will  tend  to  increase  the  interest  in  the  Sections,  to  animate  the 
Association  and  thus  increase  its  membership.  The  success  of  the 
work  will  depend  on  the  members  of  these  special  committees,  but 
it  is  believed  they  will  not  fail,  for  the  topics  will  be  live  issues  and 
not  pedantic  platitudes,  such  as  have  kiUed  so  many  of  our  com- 
mittees in  the  past. 

The  present  PubUcation  Committee  also  strongly  advises  its 
immediate  successor  to  secure  papers  from  individuals  known  to 
have  made  investigations  or  had  experiences  of  interest  to  water 
works  officials.  The  essential  purpose  of  this  Association  is  to 
help  the  American  people  secure  wholesome  water  at  the  lowest 
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cost.  This  calls  for  engineering,  chemical  and  bacterial  knowledge, 
skill  in  construction  and  administrative  ability.  There  are  various 
associations  and  publications  supplying  a  record  of  progress  in  some 
parts  of  this  list,  but  there  is  no  organisation  and  no  publication, 
even  our  own,  that  has  the  firm  grip  on  the  water  works  field  of 
activity  which  is  desirable  from  the  viewpoint  of  good  municipal 
administration.  Our  Journal  must  be  strengthened  by  becoming 
a  record  of  Uve  things,  a  record  of  what  we  are  striving  for  as  well 
as  what  we  have  done,  before  it  will  itself  become  really  alive.  And 
the  only  way  for  it  to  become  alive  is  to  secure  the  cooperation  of 
those  men  whose  work  is  resulting  in  progress.  By  this  we  do  not 
mean  merely  progress  in  great  problems,  but  progress  in  the  minor 
but  often  very  perplexing  smaller  tasks  of  the  water  works  official. 
By  requesting  papers  from  individuals  able  to  make  useful  con- 
tributions to  the  Journal,  and  by  securing  the  assistance  of  com- 
mittees where  it  is  necessary  to  make  comprehensive  investiga- 
tions of  a  subject,  it  will  be  practicable  to  serve  the  members  better 
than  by  following  the  old  publication  policy  of  printing  only  papers 
originating  in  the  annual  convention  or  the  meetings  of  the  sections. 
The  last  PubUcation  Committee  considered  these  methods  of  im- 
proving the  Journal,  but  hesitated  about  adopting  them  on  account 
of  the  possibility  of  overstraining  the  financial  budget  of  the  Com- 
mittee through  an  excessive  amount  of  material  for  pubUcation. 
It  was  justified  in  this  fear  by  the  needlessly  long  and  detailed 
character  of  part  of  the  material  submitted  for  publication.  The 
present  Publication  Committee  does  not  have  the  same  fear,  because 
it  believes  that  the  time  has  come  for  materially  condensing  some 
of  the  papers  it  receives.  It  is  not  the  quantity  but  the  quality  of 
the  information  in  the  Journal  that  will  make  it  most  interesting 
and  most  useful.  Papers  that  are  interesting  locally  may  have 
only  parts  of  general  interest,  and  the  Publication  Coromittee 
beUeves  that  those  parts  of  local' interest  can  be  omitted  without 
material  loss.  This  pruning  may  cause  some  members  to  feel 
injured,  to  think  that  it  is  not  worth  while  writing  papers  if  they 
are  to  be  cut  up  and  boiled  down.  Yet  this  must  be  done,  not 
only  to  make  the  Journal  more  widely  interesting  but  also  to 
save  the  time  of  members  who  wish  to  read  ever3rthing  about  real 
progress  in  water  works  affairs  but  wish  to  be  saved  the  task  of 
picking  the  wheat  of  utility  from  the  chaff  of  merely  local  interest. 
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If  we  can  make  the  Journal  more  useful,  more  authoritative,  more 
comprehensive  in  scope,  more  alive,  we  can  secure  more  members 
and,  with  greater  membership,  wield  more  influence  for  those  im- 
provements needed  to  give  our  people  all  the  good  water  they  need. 

George  A.  Johnson,  Chairman, 
Wm.   W.   Brush, 
h.  w.  cuddeback, 
James  W.  Armstrong, 
John  M.  Goodell,  Editor. 

Publication  Committee. 
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SPECIFICATIONS  FOR  CAST  IRON  PIPE 

AND  FITTINGS^ 

DESCRIPTION  OP  PIPE 

Section  1.  The  pipes  shall  be  made  with  beU  and  spigot  ends  or 
with  flange  ends  and  shall  conform  accurately  to  the  dimensions 

given  in  Tables  Nos and They  shall  be  straight 

and  shall  be  true  circles  in  section,  with  their  inner  and  outer  sur- 
faces concentric,  and  shall  be  of  the  specified  dimensions  in  outside 
diameter. 

Bell  and  spigot  pipes  shall  be  at  lea^t  12  feet  in  laying  length,  exdu- 
sive  of  the  bell,  and  flange  pipes  shall  be  at  least  12  feet  in  length  face  to 
face  of  flanges. 

AUidasses  of  pipe  of  each  size  shall  have  the  same  oviside  diameter. 
All  pipes  having  the  same  outside  diameter  shall  have  the  same 
inside  diameter  at  both  ends. 

The  inside  diameter  of  the  Ughter  pipes  of  each  standard  outside 
diameter  shall  be  gradually  increased  for  a  distance  of  about  6  inches 
from  each  end  of  the  pipe  barrel,  so  as  to  obtain  the  required  stand- 
ard thickness  and  weight  for  each  size  and  class  of  pipe. 

description  of  fittings 

Section  2.  There  shall  be  two  types  of  standard  fittings,  known  as 
"BeU  Fittings*'  and  '^Flange  Fittings.'*  Fittings  having  bell  or  spigot 
ends,  or  both,  bvi  no  flange  end  or  ends,  shall  be  known  as  "Bell  Fit- 
tingsJ'  Fittings  having  one  or  more  flange  ends  shall  be  known  as 
"Flange  Fittings." 

All  fittings  shall  be  made  in  accordance  with  the  cuts  and  dimensions 
given  in  the  tables  forming  a  part  of  these  specifications.  They  shall 
be  true  circles  in  section  with  their  inner  and  oiUer  surfaces  concentric 

^  Submitted  to  the  St.  Louis  convention  May  15, 1918. 
Changes  from  present  New  England  and  American  specifications  are  in 
italios. 
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on  both  run  and  outlet,  except  where  intersections  prevent.  On  aU 
fittings  the  outside  diameter  of  the  barrel  on  each  outlet  shall  be  the 
same  as  the  outside  diameter  of  the  pipe  of  corresponding  size. 

For  pipes  from  4  to  20  inches  in  diameter,  induMve,  one  doss  of 
fittings  known  as  Class  D  fittings  shall  be  furnished  for  aU  classes  of 
pipe.  For  pipes  over  20  inches  in  diameter,  two  classes  of  fittings, 
knotvn  respectively  as  Class  AB  and  CD  fittings,  shall  be  furnished, 
Class  AB  fittings  for  Class  A  and  Class  B  pipes,  and  Class  CD  fittings 
or  Class  C  and  Class  D  pipes. 

Any  fitting  not  shown  in  the  tables  hereto  attached  shall  be  known  as 
a  ''Special  Fitting.'' 

VARIATION  IN  DIAMETER  OF  BELLS  AND  SPIGOTS 

Section  3.  Especial  care  shall  be  taken  to  have  the  bells  and 
spigots  of  the  required  size.  The  bells  and  spigots  will  be  tested  by 
circular  gages,  and  no  pipe  or  fitting  will  be  accepted  which,  for  any 
cau^e,  does  not  comply  with  the  specified  joint  space,  except  as  herein^ 
after  allowed. 

The  inside  diameters  of  the  bells  and  the  outside  diameters  of  the  spigot 
ends  of  pipes  shall  not  vary  from  the  standard  dimensions  by  more 
than  0.06  inch  for  pipes  16  inches  or  less  in  diameter;  0.08  inch 
for  pipes  18,  20  and  24  inches  in  diameter;  0.10  inch  for  pipes 
30,  36  and  42  inches  in  diameter;  0.13  inch  for  pipes  48,  54  and 
60  inches  in  diameter;  and  0.18  inch  for  pipes  72  and  84  inches  in 
diameter. 

The  inside  diameters  of  the  bells  and  the  outside  diameters  of  the 
spigot  ends  of  the  fittings  shall  not  vary  from  the  standard  dimensions 
by  more  than  0.08  inch  for  fittings  16  inches  or  less  in  diameter; 
0.10  inch  for  18-,  20-,  and  24-inch  fittings;  0.13  inch  for  SO-,  86-, 
and  42^nch  fittings;  0.16  inch  for  4S-,  54-  and  60^nch  fittings;  and 
0.20  inch  for  72-  and  84-  inch  fittings. 

variation  in  thickness 

Section  4.  For  pipes  whose  standard  thickness  is  less  than  1 
inch  the  thickness  of  metal  in  the  body  of  the  pipe  shaU  not  vary 
more  than  0.08  inch  from  the  standard  thickness,  and  for  pipes 
whose  standard  thickness  is  1  inch  or  more,  the  variation  shall  not 
exceed  0.10  inch.,  except  that  for  spaces  the  length  across  which  in 
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any  direction  does  not  exceed  8  inches,  a  decreased  thickness  not  exceed-- 
ing  0.02  inch  will  be  permitted^  and  for  spaces  the  length  acrossi 
which  does  not  exceed  16  inches  in  any  direction,  an  increased  thickness 
not  exceeding  0.06  inch  will  be  permitted — both  in  excess  of  the 
allowances  above  stated. 

For  fittings,  a  variation  50  per  cent  greater  than  that  allowed 
for  pipes  shall  be  permitted. 

ALLOWABLE   PERCENTAGE   OF  VARIATION  IN  WEIGHT 

Section  5.  No  pipe  shall  be  accepted,  the  weight  of  which 
shall  be  less  than  the  standard  weight  by  more  than  5  per  cent 
for  pipes  16  inches  or  less  in  diameter  and  4  per  cent,  for  pipes  more 
than  16  inches  in  diameter,  and  no  excess  above  the  standard  weight 
of  more  than  the  above  given  percentages  for  the  several  sizes  shall 
be  paid  for.  The  total  weight  of  pipe  to  be  paid  for  shall  not  ex- 
ceed, for  each  size  and  class  of  pipe  received,  the  sum  of  the  stand- 
ard weights  of  the  same  number  of  pieces  of  the  given  sizes  and 
classes  by  more  than  2  per  cent. 

No  jitting  shall  be  accepted,  the  weight  of  which  shall  be  less  than 
the  standard  by  more  than  10  per  cent  for  fittings  12  inches  or  less 
in  diameter  and  8  per  cent  for  larger  sizes  (except  that  curves  and 
Y-branches  may  be  12  per  cent  below  the  standard  weight);  no 
excess  above  the  standard  weight  of  more  than  the  above  given  per- 
centages for  the  several  sizes  shall  be  paid  for.  The  total  weight  of 
fittings  to  be  paid  for  shall  not  exceed  the  sum  of  the  standard  weights 
of  the  same  number  of  pieces  of  the  given  sizes  and  classes  by  more 
than  6  per  cent. 

QUALITY  OF  IRON 

Section  6.  All  pipes  and  fittings  shall  be  made  of  cast  iron  of 
good  quality  and  of  such  character  as  shall  make  the  metal  of  the 
casting  strong,  tough,  and  of  even  grain,  and  soft  enough  satis- 
factorily to  admit  of  drilling  and  cutting.  The  metal  shall  be  made 
without  the  admixture  of  any  inferior  material,  and  shall  be  remelted 
in  cupola  or  air  furnace. 

The  contractor  shall  furnish  the  engirheer  with  copies  of  the  mill 
analyses  of  each  heat  or  run  of  metal,  and  shall  furnish  samples  to  the 
engineer  for  check  analyses  when  required. 
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The  metal  for  the  pipes  and  fittings  shall  fulfil  the  following  chemical 
requirements:  Total  carbon,  3  to  3.75  per  cent;  combined  carbon, 
0.5  to  0.75;  silicon,  1.6  to  2;  manganese,  0.35  to  0.55;  phosphoruB, 
not  to  exceed  0.90;  sulphur,  nqt  to  exceed  0.10  per  cent. 

TESTS   OF  MATERIAL 

Section  7.  Specimen  bars  of  the  metal  used,  each  being  26 
inches  long  by  2  inches  wide  and  one  inch  thick,  shall  be  made,  with- 
out charge,  as  often  as  the  engineer  may  direct,  and  in  default  of 
definite  instructions  the  contractor  shall  make  and  test  at  least  one 
bar  from  each  heat  or  run  of  metal.  The  bars,  when  placed  flat- 
wise upon  supports  24  inches  apart  and  loaded  in  the  center,  shall 
support  a  load  of  2000  pounds,  and  show  a  deflection  of  not  less  than 
0.32  inch  before  breaking^  and  an  increase  in  deflection  of  not  less 
than  0.03  inch  for  each  200  pounds  of  ultimate  breaking  load  in  excess 
of  2000  pounds. 

The  contractor  shall  have  the  right  to  make  and  break  three  bars  from 
each  heat  or  run  of  metaly  and  the  test  shall  be  based  upon  the  average 
results  of  the  three  bars.  Should  the  dimensions  of  the  bars  differ  from 
those  above  given,  a  proper  allowance  ther^or  shall  be  made  inthe  results 
of  the  tests. 

casting  of  pipe 

Section  8.  The  pipes  shall  be  cast  in  dry  sand  molds  in  a  verti- 
cal position.  Pipes  16  inches  or  less  in  diameter  may  be  cast  with 
the  bell  end  up  or  down,  unless  otherwise  specified  by  the  purchaser. 
Pipes  18  inches  or  more  in  diameter  shall  be  cast  with  the  bell  end 
down. 

The  pipes  shall  not  be  stripped  or  taken  from  the  pit  while  show- 
ing color  of  heat,  but  shall  be  left  in  the  flasks  for  a  suflBcient  length 
of  time  to  prevent  contraction  by  subsequent  exposure. 

quality  of  castings  ■ 

Section  9.  The  pipes  and  fittings  shall  be  smooth,  free  from 
scales,  lumps,  blisters,  sand  holes  and  defects  of  every  nature  which, 
in  the  opinion  of  the  engineer,  unfit  them  for  the  use  for  which  they 
are  intended.    No  plugging  or  filling  will  be  allowed. 
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Section  10.  Each  pipe  and  fitting  shall  have  distinctly  cast  upon 
it  the  initials  of  the  maker's  name,  a  letter  designating  the  class  to 
which  the  casting  belongs,  and  figures  showing  the  year  in  which  it  was 
cast.  When  cast  to  order,  if  required  by  the  purchaser,  each  pipe  and 
fitting  6  inches  or  more  in  diameter  shall  also  have  cast  upon  it  a  serial 
number,  designating  the  order  in  point  of  time  in  which  it  was  cast, 
the  serial  number  to  be  placed  below  the  date,  thus: 
1916  1916  1916 

1  2  3 

etc.,  and  any  initials,  not  exceeding  four,  or  a  symbol,  which  may  be 
required. 

The  letters  and  figures  shall  be  cast  on  the  outside,  and  shall  be 
not  less  than  2  inches  in  length  and  i  inch  in  reUef  for  pipes  and 
fittings  10  inches  in  diameter  and  larger.  For  smaller  sizes  of 
pipe,  the  letters  may  be  1  inch  in  length.  The  weight,  serial  number, 
and  class  letter  shall  be  conspicuously  painted  in  white  on  the  inside 
of  each  pipe  and  fiUing  after  the  coating  has  become  hard. 

DEFECTIVE   SPIGOT  ENDS  MAY   BE   CUT 

Section  11.  Defective  spigot  ends  on  pipes  12  inches  or  jnore  in 
diameter  may  be  cut  off  in  a  lathe,  and  half-round  wrought-iron 
or  mild-^teel  band,  shnmk  into  a  groove,  cut  at  the  end  of  the  pipe. 
Not  more  than  12  per  cent  of  the  total  number  of  accepted  pipes  of 
each  size  shall  be  cut  and  banded,  and  no  pipe  shall  be  banded  which 
is  less  than  11  feet  in  length,  exclusive  of  socket. 

Pipes  may  be  cast  with  shrink-head  above  spigot  bead,  and  such 
pipe  shall  not  be  considered  as  cut  pipe  in  determining  the  percentage 
above  referred  to. 

In  case  the  len^h  of  pipe  differs  from  12  feet,  the  standard  weight 
of  the  pipe  given  in  Table  shall  be  modified  in  accordance  therewith. 

FLANGES 

Section  12.  Flanges  shall  be  cast  solid  and  shall  be  accurately 
faced  smooth  and  true.  Holes  for  bolts  or  studs  shall  be  drilled,  and  the 
flanges  shall  be  tapered  where  required.  The  contractor  shall  furnish 
and  deliver  all  boUs  and  nuls  for  boUing  on  manhole  covers.    The 


Digitized  by  VjOOQIC 


390  TENTATIVE  DRAFT 

boUs  and  nuts  shall  be  of  the  best-^iuality  wrought  iron  or  mild  stedf 
with  goody  sound,  welUfitting  threads,  the  nuts  to  be  cold  puru:hed.     The 
heads  and  nuts  shall  be  hexagonal  and  shall  be  trimmed  and  chamfered. 
The  heads,  nuts  and  threads  shall  be  of  the  United  States  Standard 
9ize8. 

CLEANING    AND    INSPECTION 

Section  13.  All  pipes  and  fittings  shall  be  thoroughly  cleaned 
and  subjected  to  a  careful  hammer  mspection.  No  casting  shall 
he  coated  unless  entirely  clean  and  free  from  rust,  and  approved 
in  these  respects  by  the  engineer  immediately  before  being  coated. 

COATING 

Section  14.  Every  pipe  and  fitting  shall  be  coated  inside  and  out 
with  coal-tar  pitch  varnish.  Each  pipe  and  fitting  shall  be  heated  to 
a  uniform  temperature  ofS20^  F.,  in  a  suitable  oven,  before  it  is  dipped, 
and  the  material  in  the  tank  shall  also  be  maintained  at  this  tempera- 
ture, and  ea^h  pipe  and  fitting  shall  be  kept  in  the  bath  for  at  least 
five  minutes,  during  which  time  the  temperature  of  all  parts  of  the  bath, 
including  the  bottom,  shall  be  as  specified. 

After  removing  the  pipe  from  the  bath,  it  shall  be  suspended  or  set  in 
Ti  vertical  position  until  the  coating  has  solidified. 

The  coating  shall  be  of  pitch,  made  from  coal  tar,  distilled  until  the 
naphtha  is  removed,  and  sufficient  oil  to  make  a  smooth  coating,  tough, 
elastic,  strongly  adhesive  to  the  metal,  tough  and  tenacious  when  cold, 
and  not  brittle  nor  with  any  tendency  to  scale  off.  Coating  shall  not  be 
soft  enough  to  flow  when  composed  to  summer  heat,  nor  brittle  enough  to 
crack  and  scale  when  exposed  to  a  temperature  below  freezing. 

The  pitch  shall  be  straight-run,  coalrtar  pitch,  which  shaU  soften  at 
€(fF.  and  mslt  at  ICKfF.,  being  a  grade  in  which  distillate  oils,  dis- 
tiUed  therefrom,  shall  have  a  specific  gravity  of  1.05..  The  pitch  shaU 
not  contain  less  than  10  per  cent  nor  more  than  18  per  cent  of  free 
-carbon. 

Fresh  pitch  and  oil  shall  be  added  to  the  tank  when  necessary  to  keep 
the  mixture  of  the  proper  consistency.  The  oil  used  for  this  purpose 
shall  consist  of  heavy,  coal4ar  oil,  with  a  specific  gravity  of  not  less 
than  1.04  (^  60^ F,,  and  which  shall  not  lose  more  than  6  per  cent  of 
•oil  when  distilled  up  to  JfiO^F.;  not  more  than  Ifi  per  cent  of  oU  when 
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distilled  up  to  4S(fF.  If  the  material  in  the  tank  thickens  or  deterio- 
rates when  used,  the  tank  shall  be  emptied  of  its  contents  and  refilled 
with  fresh  material  when  deemed  necessary  by  the  engineer. 

Fittings  which  are  too  large  to  be  immersed  shall  be  coated  with  hot 
varnish  by  hand,  the  fittings  to  be  heated  as  specified  above  and  the 
coating  applied  immediately  thereafter. 

Faces  of  flanges  and  finished  surfaces  shall  be  coated  with  a  mixture 
of  grease  and  white  lead  immediately  after  they  have  been  faced  and 
drilled. 

Any  pipe  or  fitting  that  is  to  be  recoated  shall  first  be  thoroughly 
scraped  and  cleaned. 

HYDROSTATIC    TEST 

Section  15.  When  the  coating  has  become  hard,  the  pipe  shall 
be  subjected  to  a  proof  by  hydrostatic  pressure,  and  if  required  by 
the  engineer,  they  shall  also  be  subjected  to  a  hammer  test  under 
this  pressure. 

The  pressures  to  which  the  different  sizes  and  classes  of  pipe  shall 
be  subjected  are  as  follows: 


CLA8B 

BTDROSTATIC  PBB8SUBB  POUNDS  PER 
SQUASa  INCH 

Diameter  lees  than 
20mohefl 

Diameter  20  inohee 
and    yer 

A 

300 
300 
300 
300 

150 

B 

200 

C 

250 

D 

300 

The  full  hydrostatic  pressure  shall  be  applied  to  the  pipes  for  one 
minute  on  pipes  12  inches  and  less  diameter;  for  two  minutes  on  H-, 
16-,  18;  £0-  and  2/rinch  pipes;  for  three  minutes  on  SG^nch  pipes; 
and  for  five  minutes  on  pipes  larger  than  86  inches  in  diameter. 

Fittings  shall  also  be  subjected  to  a  proof  by  hydrostatic  pressure, 
provided  the  same  is  specified  in  the  contract.  If  tested,  the  hydrostatic 
pressures  to  which  the  fittings  shall  be  subjected  shall  be  the  same  as 
those  to  which  pipes  of  the  same  size  and  class  would  be  subjected  and 
shall  be  applied  for  the  same  length  of  time. 
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WEIGHING 

Section  16.  The  pipes  and  fittings  shall  be  weighed  for  payment 
under  the  superviaion  of  th^  engineer  after  they  have  been  coated. 
If  desired  by  the  purchaser,  the  pipes  and  fiUinga  shall  be  weired 
after  their  delivery.  The  weight  so  ascertained  shall  be  used  in  the 
final  settlement,  provided  such  weighing  is  done  by  a  legalized  weigh 
master.  The  cost  of  weighing  after  delivery  shall  be  borne  by  the 
purchaser. 

Bids  shall  be  submitted  and  final  settlement  made  upon  the  basis 
of  a  ton  of  2000  pounds. 

CONTRACTOR   TO    FURNISH    MEN   AND   MATERIAL 

Section  17.  The  contractor  shall  provide  all  tools,  testing  ma- 
chines, materials  and  men  necessary  for  the  required  testing,  inspec- 
tion and  weighing  at  the  foundry  of  the  pipes  and  fiitings,  and 
should  the  purchaser  have  no  inspector  at  the  foundry,  the  contrac- 
tor shall,  if  required  by  the  purchaser,  furnish  a  sworn  statement 
that  all  of  the  tests  have  been  made  as  specified,  this  statement  to 
contain  the  results  of  the  chemical  and  physical  tests. 

POWER    TO    INSPECT 

Section  18.  The  engineer  shall  be  at  liberty  at  all  times  to  in- 
spect the  material  at  the  foundry  and  the  molding,  casting  and  coat- 
ing of  the  pipes  and  fiUings.  The  forms,  sizes,  uniformity  and  con- 
ditions of  all  pipes  and  fiMings  herein  referred  to  shall  be  subject  to 
his  inspection  and  approval,  and  he  may  reject,  witjiout  proving, 
any  pipe  or  fitting  which  is  not  in  conformity  with  the  specifications 
or  drawings  furnished. 

INSPECTOR  TO  REPORT 

Section  19.  The  inspector  at  the  foundry  shall  report  daily  to 
the  contractor*  all  pipes  and  fittings  rejected,  with  the  causes  for 
rejection. 

CASTINGS  TO  BE  DEUVEHED  SOUND  AND  PERFECT 

Section  20.  All  pipes  and  fiMings  shall  be  deUvered  in  all  respects 
sound  and  conformable  to  these  specifications.    The  inspection  shall 
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not  relieve  the  contractor  of  any  of  his  obligations  in  this  respect, 
and  defective  pipes  or  fittings  which  may  have  passed  the  engineer 
at  the  foundry  or  elsewhere  shall  be  at  all  times  Uable  to  rejection, 
when  discovered,  imtil  the  final  completion  and  adjustment  of  the 
contract,  provided,  however,  that  the  contractor  shall  not  be  held 
liable  for  pipes  or  fittings  found  to  be  cracked  after  they  have  been 
accepted  at  the  agreed  point  of  delivery.  Care  shall  be  taken  in 
handling  the  pipes  and  fittings  not  to  injure  the  coating,  and  no 
pipes,  fiUings  or  other  material  of  any  kind  shall  be  placed  in  the 
pipes  or  fiMings  during  transportation  or  at  any  time  after  they 
have  been  coated. 

The  contractor  shall  not  be  held  responsible  for  any  expenses  or 
damages  incurred  in  handling  or  using  the  castings  after  they  have  been 
accepted  at  the  agreed  point  of  delivery.  Any  pipe  or  fiMing  that  proves 
defective  shall,  when  requested,  be  replaced  by  the  contractor,  the  measure 
of  the  damage  not  to  exceed  the  value  of  the  casting  found  d^ective. 
The  contractor  shall  have  the  right  to  call  for  the  defective  casting  to  be 
returned  to  him  at  the  agreed  point  of  delivery  before  any  allowance  for 
the  same  is  demanded. 

DEFINITION  OF  THE  WORD  "ENGINEER" 

Section  21.  Wherever  the  word  "engineer"  is  used  herein,  it 
shall  be  understood  to  mean  the  engineer  or  inspector  acting  for  the 
purchaser,  and  his  properly  authorized  agents,  limited  by  the  par- 
ticular duties  intrusted  to  them. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


ARE      YOU       INSURED 

A  f^  a  i  n  s  t    Defective    Brass    Goods? 

Glauber      Corporation      Cocke,  -Curb    Ci>ck8,    and 
Goote^Necks  are  GUARANTEED  FOR  FIVE  YEARS. 

We  are  able  to 
do  this  be- 
cause: 

Every  article 
is    made    by 

k.  1 1       1  Complele  H  Catalof  sent  on  reqtte$t 

illed  -me- 

chanics,  trained  to  make  ''Perfect"  brass  p^rtods. 

Formula  of  metal  used,  calls  for  96%  Pure  Copper  and  Tin. 

Every  article  is  carefully  examined  and  tested  under  200  ll>s.  water 
pressure. 

GLAUBEB  BRASS  MFG.  CO.,  Clereland,  Ohio 

NBW  YOBK  CITY  ST.  LOTIS,  MO. 

101  Park  Ave.  '     104o  Syndicate  Trust  Bld^. 

SAN  FRANCISCO,  CAL* 
567  Miuion  St. 


JUST  OUT 


STANDARD  METHODS  FOR 
THE  ANALYSIS  OF  WATER 
AND  SEW^AGE,  1917. 

THOROUGHLY  REVISED.  YOU  CANNOT 
AFFORD  TO  USE  AN  OLD  EDITION 


ORDER  NOW  FROM  THE 

AMERICAN  PUBLIC  HEALTH  ASSOCIATION 

DRAWER  W 

128  Mass.  Ave.  Boston,  Mass. 

WATERPROOF  CLOTH.  $1.25  Postpaid 
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THELCO  INCUBATORS 


for  all  kinds  of 

Bacteriological 

work 

BEST  moderate  priced , auto- 
matically controlled,  elec- 
tricallv heated  incubators. 
Recommended  for  the  require- 
ments of  physicians  as  well  as 
for  regular  laboratory  work. 

Theico  Bacteriological  Incu- 
bators are  buHt  of  well  seasoned 
heavy  oak^  finished  inside  and 
outside  with  white  paint  en- 
amel whidh  can  be  kept  clean 
by  wiping  with  a  moistened 
cloth.  This  finish  imparts  to 
the  incubators  a  handsome  and 
clean  appearance.  An  inner 
door  of  glass  is  provided  to  al- 
low inspection  of  the  chamber 
without  opening  the  door.  No 
water  j  acket  is  used  or  required. 

An  exclusive  feature  is  the 
removable  wire  resistance  heat- 
ing'plate.  This  method  of  (heating  is  distinctly  superior  to  lamps  in  that  it 
evenly  distributes  the  heat  throughout  the  chamber;  furthermore^  it  will  not 
burn  out  to  cause  spoiling  of  cultured,  annoyance  and  inconvenience,  t^at 
i  s  so  apt  to  happen  when  lamps  are  employed  as  a  heating  medium. 

The  Theico  bi-metallic  Thermostat  employed  will  maintain  the  tempera- 
ture constant  to  within  a  degree  without  any  attention  after  adjustment  is 
once  made. 

The  Operation  is  very  simple.  To  ^lace  the  incubator  in  use,  it  is  only 
necessary  to  screw  the  attachment  plug  mto  an  electric  light  socket  and  turn 
on  the  current;  then  adjust  the  regulator  until  the  thermometer  reaches  the 
temperature  desired,  which  will  remain  constant  to  within  a  degree.  Hie  in- 
cubator can  be  operated  on  direct  or  alternating  current. 

When  ordering  please  state  voltage  of  current 


No. 

Dimensions  of  Chamber 

Equipment 

Price,  Net 

2 
4 
5 
6* 

7* 

JndU» 
12x12x12 
18x18x26 
18x18x26 
28x36x18 
28x36x18 

Without  Stand 
Without  Stand 
With  Stand 
Without  Stand 
With  Stand 

$38.50 

62.50 

76.50 

110.00 

128.0a 

'Ineabaton  Nos.  6  and  7  are  mada  with  double  divided  doors. 


EIMER  &  AMEND 

Third  Avenue,  18th  to  19th  Streets,  New  York 

Branch  Office:  2011  Jenkins  Arcade,  Pittsburgb,  Pa. 
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Kindly  notify  the  secretary  promptly  of  any  change  in  address 

J.   M.  DIVEN,  Secretary 
♦7  State  St.,  Troy,  N.  Y. 
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CONSTITUTION  OF  THE  AMERICAN  WATER  WORKS 
ASSOCIATION 

Adopted  June  12, 191S 
Amended  May  12,  1914 
Amended  May  12,  1915 
Amended  May  17,  1918 

ARTICLE  I 

Name 
The  name  of  this  Association,  a  corporation  organized  under  the 
laws  of  the  State  of  IlUnois,  shall  be  "The  American  Water  Works 
Association." 

ARTICLE  II 

Object 

The  object  of  this  Association  shall  be  the  advancement  of  knowl- 
edge of  the  design,  construction,  operation  and  management  of 
water  works,  and  the  encouragement,  by  social  intercourse  among 
its  members,  of  a  friendly  exchange  of  information  and  experience. 

ARTICLE  III 
Membership 

Section  L  Members  of  this  Association  may  be  either  Honorary 
Members,  Active  Members,  Corporate  Members,  or  Associate 
Members. 

Section  2.  An  Honorary  Member  shall  be  one  whose  scientific 
or  practical  knowledge  in  matters  related  to  public  water  supply,  or 
whose  accomplishments  in  that  field  of  endeavor,  shall  entitle  him 
to  especial  recognition  by  the  Association.  Honorary  Members 
shall  have  the  same  privileges  as  Active  Members,  but  shall  not  be 
required  to  make  any  payments  for  the  support  of  the  Association. 

Section  3.  An  Active  Member  shall  be  either  a  Superintendent, 
Manager  or  other  officer  of  a  municipal  or  private  water  works;  a 
civil,  mechanical,  hydraulic  or  sanitary  engineer,  a  chemist  or  bacte- 
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riologist,  including  those  acting  technically  as  such  for,  and  employed 
by,  Associate  Members  of  the  Association;  or  any  qualified  person 
engaged  in  the  advancement  of  knowledge  relating  to  water  supplies 
in  general. 

Section  4.  A  Corporate  Member  shall  be  either  a  Water  Board 
or  Commission,  or  a  Water  Company,  and  shall  be  entitled  to  one 
representative  who  shall  have  all  the  rights  and  privileges  of  an 
Active  Member. 

Section  5.  An  Associate  Member  shall  be  either  a  person,  firm 
or  corporation,  engaged  in  manufacturing  or  furnishing  materials  or 
supplies  for  the  construction  or  maintenance  of  water  works.  An 
Associate  Membership  shall  entitle  the  holder  to  be  represented  by 
one  person  on  the  floor  at  each  meeting  but  such  representative 
shall  not  be  entitled  to  vote  or  take  part  in  any  discussion  unless 
permission  is  given  by  unanimous  consent  of  the  members  present; 
provided,  however,  that  Associate  Members  may  vote  on  selection 
of  the  place  of  meeting  as  provided  in  Article  9,  Section  1,  each 
Associate  membership  being  entitled  to  one  vote  only. 

Section  6.  When  an  Active  Member  so  changes  his  vocation 
that  were  he  to  apply  for  membership  he  would  be  classed  as  an 
Associate  Member,  he  may  continue  as  an  Active  Member  with  all 
the  privileges  of  that  grade,  except  that  he  shall  not  be  eligible  to 
any  elective  office  in  the  Association. 

ARTICLE  IV 
Admission  and  Expxtlsion 

Section  1.  The  Executive  Committee  may,  at  its  discretion,  at 
the  request  of  any  member,  present  the  name  of  any  person  qualified 
for  Honorary  Membership,  to  the  Association  for  election  to  that 
grade  of  membership;  but  the  Executive  Committee  must,  upon  the 
written  requ^  of  twenty-five  members,  so  present  the  name  of 
any  such  person  to  the  Association. 

Section  2.  Any  person,  firm,  corporation  or  water  department 
desiring  to  become  an  Active^  Corporate  or  Associate  Member 
must  make  application  for  the  grade  of  membership  sought,  upon 
the  blank  form  provided  by  the  Association.  Each  application 
must  be  endorsed  by  two  members  of  the  Association,  shall  embody 
a  concise  statement  of  the  applicant's  qualifications  for  membership 
and  be  accompanied  by  the  initiation  fees  and  dues  as  hereinafter 
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provided.  All  applications  must  be  forwarded  to  the  Secretary  who 
shall  submit  them  to  the  Membership  Committee,  as  soon  as  possible. 

A  majority  affirmative  vote  of  the  Membership  Committee  shall 
elect  to  Active,  Corporate  or  Associate  Membership  subject  to  re- 
view by  the  Executive  Committee. 

Section  3.  No  member  whose  dues  are  in  arrears  shall  receive 
the  publications  of  the  Association  imtil  such  dues  are  paid.  Mem- 
bers in  arrears  for  one  year  shall  be  dropped  from  the  roll  by  the 
Secretary. 

Section  4.  Any  member  who  has  been  suspended  for  non-pay- 
ment of  dues  may  be  reinstated  by  the  Membership  Committee 
upon  payment  of  all  back  dues.  He  shall  then  be  entitled  to 
receive  such  back  numbers  of  the  publications  of  the  Association 
as  may  have  been  withheld  from  him  on  account  of  non-payment 
of  dues,  and  are  not  out  of  print. 

Section  5.  Any  member  of  any  grade  may  be  expelled  from  the 
Association  for  cause,  upon  the  recommendation  of  the  Membership 
Committee,  adopted  by  a  two-thirds  vote  of  the  members  present 
and  voting  at  any  annual  convention. 

Section  6.  Any  member  may  retire  from  membership  by  giving 
written  notice  to  that  effect  to  the  Secretary,  provided  that  he  pay 
all  dues  to  that  date,  unless  released  from  said  payment  by  the 
Executive  Committee. 

ARTICLE  V 
Fees  and  Dues 

Section  1.  Each  Active  Member  shall  pay  an  initiation  fee  of 
Five  Dollars,  and  annual  dues  of  Five  Dollars. 

Section  2.  Each  Corporate  Member  shall  pay  an  initiation  fee 
of  Ten  Dollars,  and  annual  dues  of  Five  Dollars. 

Section  3.  Each  Associate  Member  shall  pay  an  initiation  fee 
of  Ten  Dollars,  and  annual  dues  of  Ten  Dollars. 

Section  4.  The  fiscal  year  of  the  Association  shall  begin  April 
1st  and  terminate  on  March  31st.  Annual  dues  shall  be  payable 
in  advance  and  shall  be  due  on  April  1st,  the  first  day  of  the  fiscal 
year  covered  by  said  dues.  It  shall  be  the  duty  of  the  Secretary 
to  notify  each  member  on  or  before  March  15th  of  the  amount  due 
from  said  member  for  the  ensuing  year. 
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Section  5.  Any  newly  elected  member  shall  be  entitled  to  fJl 
the  publications  of  the  Association  that  are  distributed  to  its  mem- 
bers during  the  year.  Members  elected  later  than  December  1st 
shall  not  be  required  to  pay  the  annual  dues  for  the  current  year, 
but  if  they  do  pay  said  annual  dues  they  shall  receive  all  the  publi- 
cations to  which  members  in  good  standing  are  entitled  for  that 
year. 

Section  6.  In  case  any  application  for  membership  shall  be 
rejected  the  initiation  fee  and  dues  which  accompanied  the  appli- 
cation shall  be  returned  to  the  applicant. 

Section  7.  Any  Active  Member  in  good  standing  in  any  Inter- 
state, State  or  Local  Association  formed  for  the  same  general  pur- 
pose as  this  Association,  and  which  has  been  approved  as  such 
by  the  Executive  Committee  of  this  Association,  who  may  apply  for 
Active  or  Corporate  Membership,  may  be  admitted  by  the  Member- 
ship Committee  without  the  payment  of  the  regular  initiation 
fee;  provided  he  shall  furnish  evidence  that  he  has  paid,  during 
his  membership  in  such  Interstate,  State  or  Local  Association, 
in  fees  and  dues,  an  amount  equal  to  or  exceeding  the  initiation 
fee  required  in  tliis  Association,  and  is  at  the  time  of  making  ap- 
plication for  membership  in  this  Association  an  Active  Member 
in  good  standing  in  said  Interstate,  State  or  Local  Association. 

ARTICLE  VI 
Officers 

Section  1.  The  oflScers  of  the  Association  shall  be  a  President, 
Vice-President,  Treasurer,  Secretary  and  Editor  of  the  Association's 
publications.  The  oflSces  of  the  Secretary  and  Editor  may  be  com- 
bined at  the  discretion  of  the  Executive  Committee. 

Section  2.  There  shall  be  an  Executive  Committee  in  which  the 
government  of  the  Association  shall  be  vested.  It  shall  consist  of 
the  President,  Vice-President,  Treasurer,  Secretary,  Editor,  the 
Chairman  of  the  Finance  Committee,  the  latest  two  living  past 
Presidents  and  six  Trustees  elected  to  represent  the  six  districts  here- 
inafter established,  one  Trustee  to  be  elected  from  each  district 
to  serve  three  years.  The  President  and  Secretary  of  the  Associa- 
tion shall  be  the  President  and  Secretary  of  the  Executive  Committee. 

In  1919  one  Trustee  shall  be  elected  from  District  1,  and  one  from 
District  4,  to  succeed  the  present  Trustees  whose  terms  expire  in 
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1919;  in  1920  one  Trustee  shall  be  elected  from  District  2,  and  one 
from  District  5  to  succeed  the  present  Trustees  whose  terms  expire 
in  1920;  in  1921  one  Trustee  shall  be  elected  from  District  3,  and 
one  from  District  6,  to  succeed  the  present  Trustees  whose  terms 
expire  in  1921;  and  every  year  thereafter  two  Trustees  shall  be 
elected  in  the  districts  in  which  the  terms  of  the  incumbents  expire. 

Section  3.  The  following  districts  are  established  for  the  pur- 
pose of  territorial  representation: 

District  1  shall  include  the  States  of  Maine,  New  Hampshire, 
Vermont,  Massachusetts,  Rhode  Island,  Connecticut,  Michigan,  Wis- 
consin and  the  Dominion  of  Canada. 

District  2  shall  include  the  State  of  New  York. 

District  S  shall  include  the  States  of  New  Jersey,  Pennsylvania  and 
Delaware. 

District  4  shall  include  the  States  of  Ohio,  Indiana  and  Illinois. 

District  5  shall  include  the  District  of  Columbia  and  the  States  of 
Maryland,  Virginia,  West  Virginia,  North  Carolina,  South  Carolina, 
Georgia,  Florida,  Alabama,  Mississippi,  Missouri,  Tennessee,  Ken- 
tucky, Arkansas,  Louisiana,  Kansas,  Oklahoma  and  Texas. 

District  6  shall  include  all  other  States  and  Territories  of  the 
Union,  and  all  territory  outside  of  the  United  States  not  otherwise 
provided  for. 

The  boundary  lines  of  these  districts  may  be  changed  by  majority 
vote  of  the  Association  at  any  time  when  it  becomes  necessary  so  to 
do  in  order  to  preserve  approximately  the  same  number  of  voting 
members  in  each  district.  Should  any  Trustee  be  thrown  into  an- 
other district  by  changes  made  in  the  boundary  lines  or  by  change  of 
residence,  he  shall  serve  out  lus  term  of  office  and  be  accredited  as  the 
representative  either  of  his  old  district  or  of  the  district  in  which  he 
resides,  as  the  Executive  Committee  may  determine. 

Section  4.  On  or  before  the  first  day  of  November  of  each  year, 
the  Executive  Committee  shall  appoint  a  Nominating  Committee 
composed  of  seven  members,  one  from  each  district,  together  with 
the  latest  living  past-President  of  the  Association,  who  shall  be  the 
Chairman  of  the  Committee.  The  district  members  thus  appointed 
shall  be  those  active,  honorary  or  corporate  members  who  receive 
from  their  respective  districts  the  largest  number  of  votes  of  the  gen- 
eral membership  obtained  in  the  following  manner:  members  from 
each  district  present  at  the  annual  convention  shall  submit  one  name 
and  may  submit  two,  but  not  more,  from  members  from  that  district, 
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as  candidates  for  the  Nominating  Committee  for  that  district;  the 
names  submitted,  together  with  any  others  sent  to  the  Secretary 
within  sixty  days  after  the  annual  convention,  over  the  signatures  of 
at  least  twenty-five  voting  members  from  the  district  for  which  the 
candidate  is  to  be  elected,  shall  be  printed  on  a  ballot  and  mailed  to 
the  voting  membership  of  each  district  not  later  than  the  first  day 
of  October  following,  but  voting  shall  not  be  restricted  to  such 
names.  The  polls  shall  be  closed  at  the  Secretary's  office  at  noon 
October  20th.  The  said  ballots  for  each  district  shall  have  only 
the  names  of  the  candidates  for  that  district  printed  thereon  with 
space  left  for  inserting  another  name  by  the  voter.  The  method 
of  balloting  shall  be  the  same  as  that  provided  hereafter  for  election 
of  officers.  Should  there  be  a  tie  vote  in  any  district,  the  Elxecutive 
Committee  shall  decide  by  vote  which  of  the  candidSttes  receiving  the 
largest  niunber  of  votes  diall  be  appointed. 

On  or  before  the  first  day  of  Jarfuary  following,  the  Nominating 
Committee  so  elected  shall  meet  at  some  convenient  point  for  the 
purpose  of  selecting  nominees  for  the  offices  to  be  filled.  Railroad 
fares  of  the  members  of  the  Committee  attending  this  meeting,  on 
the  basis  of  an  allowance  of  four  cents  per  mile  of  travel  by  the  short- 
est route,  shall  be  paid  by  the  Association  after  the  accounts  have  been 
approved  by  the  Chairman  of  the.  Nominating  Committee  and  by  the 
Finance  Committee.  The  Nominating  Conmiittee  shall  select  only 
one  nominee  for  each  office  to  be  filled,  after  obtaining  the  consent 
of  the  nominee  to  accept  nomination  and  to  serve  if  elected. 

On  or  before  January  10  the  Nominating  Committee  shall  report 
its  list  of  nominees  to  the  Secretary  of  the  Association,  who  shall 
before  the  first  day  of  February  cause  to  be  mailed  to  the  member- 
ship the  list  of  nominees  selected  by  the  Nominating  Committee. 
At  any  time  prior  to  noon  on  the  first  day  of  March  of  each  year  addi- 
tional nominations  may  be  made  by  request  to  the  Secretary,  signed 
by  at  least  twenty-five  Active,  Honorary  or  Corporate  members,  and 
upon  the  receipt  of  such  request  the  Secretary  shall,  after  acceptance 
of  the  nomination  by  the  candidate,  add  such  additional  nominees  to 
the  final  ballot  to  be  prepared  by  him.  The  nominees  of  the  Nomi- 
nating Committee  shall  head  such  final  ballot  for  each  office,  and  any 
additional  nominees  for  the  respective  offices  shall  be  placed  under 
jthe  nominees  of  the  Committee  in  alphabetical  otder. 

Section  5.  Election  shall  be  by  letter  ballot.  At  least  two 
months  before  the  date  of  the  annual  convention,  a  ticket  shall  be 
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mailed  to  each  member  of  the  Association  entitled  to  vote.  E^ach 
member  shall  be  entitled  to  vote  for  one  candidate  for  President,  one 
candidate  for  Vice-President,  one  candidate  for  Treasurer  and  two 
candidates  for  Trustees.  The  ballot  shall  be  sealed  separately  in  a 
special  ballot  envelope.  This  ballot  envelope  shall  be  enclosed  in 
a  larger  envelope  and  forwarded  to  the  Secretary.  The  signature 
of  the  member  voting  shall  appear  on  the  outer  envelope. 

The  Secretary  with  two  canvassers  appointed  by  the  President 
shall  meet  at  a  time  and  place  directed  by  the  President,  and  shall 
open  and  count  all  ballots  cast  by  persons  entitled  to  vote.  No  ballot 
shall  be  counted  if  received  later  than  noon  of  the  seventh  day 
previous  to  the  beginning  of  the  annual  convention. 

The  result  of  the  canvass  for  President,  Vice-President,  Treasurer 
and  Trustees  shall  be  declared  by  the  President  at  the  Annual  Meet- 
ing on  certification  of  the  canvassing  board.  The  members  who 
shall  have  received  the  highest  number  of  votes  cast  for  the  several 
oflSces  shall  be  declared  elected.  If  there  be  a  tie  vote  the  President 
shall  order  a  vote  to  be  taken  in  the  annual  convention  to  decide 
which  person  of  those  who  shall  have  received  the  same  number  of 
ballots  shall  be  chosen. 

The  terms  of  the  oflScers  so  elected  shall  be  as  follows:  For  the 
President,  Vice-President,  and  Treasurer,  each  one  year  beginning 
with  the  close  of  the  last  day  of  the  annual  convention  and  ending 
the  last  day  of  the  next  annual  convention,  or  until  their  succes- 
sor shall  have  been  chosen;  for  the  Trustees,  three  years  beginning 
with  the  close  of  the  last  day  of  the  annual  convention,  or  until 
their  successors  shall  have  been  chosen. 

Section  6.  Before  the  close  of  each  annual  convention,  the 
Executive  Committee  elected  to  serve  during  the  year  ensuing,  shall 
organize  and  elect  a  Secretary  and  an  Editor,  to  serve  imtil  the  close 
of  the  next  annual  convention,  or  until  their  successors  are  chosen. 

Section  7.  In  case  of  inability  of  the  President  to  perform  the 
duties  of  his  oflSce,  his  position  shall  be  temporarily  filled  by  the  Vice- 
President,  and  in  case  of  inability  of  the  Vice-President,  his  position 
shall  be  filled  by  one  of  the  Trustees;  the  order  of  precedence  being 
governed  by  priority  in  date  of  election  as  Trustee,  or  if  the  dates  of 
election  be  the  same,  by  priority  in  date  of  the  admission  of  such 
Trustees  to  membership  in  the  Association. 

Section  8.  All  vacancies  in  office,  except  as  provided  in  Section 
7  hereof,  shall  be  filled  by  vote  of  the  Executive  Committee  for  the 
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unexpired  term  of  said  office  as  soon  as  practicable  after  said  vacancy 
occurs. 

Section  9.  The  President,  Vice-President  and  Trustees  shall  be 
ineligible  to  election  to  the  same  office  for  consecutive  terms. 

ARTICLE  VII 
Duties  op  Officers 

Section  1.  The  President  shall  have  general  supervision  of  the 
affairs  of  the  Association,  and  shall  preside  at  all  meetings  of  the 
Association  and  of  the  Executive  Conunittee  at  which  he  may  be 
present. 

Section  2.  The  Executive  Committee  shall  be  the  legal  repre- 
sentative of  the  Association  and  as  such  shall  have  full  control  of 
the  management  of  the  affairs  of  the  Association,  subject  to  the 
control  of  the  Association  in  regular  convention;  it  shall  make  the 
necessary  arrangements  for  the  convention  and  shall  have  power 
to  expend  the  funds  of  the  Association  or  to  invest  the  same,  but 
must  not  incur  indebtedness  beyond  the  funds  in  the  hands  of  the 
Treasurer  and  Secretary.  The  Executive  Conunittee  shall  have 
power  to  prepare  and  enforce,  for  the  conduct  of  the  business  of 
the  Association,  by-laws  not  in  conffict  with  this  Constitution.  It 
shall  hold  an  annual  meeting  at  least  one  hour  before  the  opening 
session  of  each  annual  convention.  Other  meetings  shall  be  held 
at  the  call  of  the  President  or  of  any  three  members  of  the 
Executive  Committee. 

All  questions  in  the  Executive  Committee  shall  be  decided  by  a 
majority  vote  and  seven  members  shall  constitute  a  quorum.  The 
Executive  Committee  may  vote  by  letter  upon  questions  sub- 
mitted by  the  President  and  Secretary. 

Section  3.  The  Treasurer  shall  have  charge  of  the  funds  of  the 
Association,  shall  pay  biUs  against  the  Association  on  order  of  the 
Finance  Committee  certified  by  the  Secretary  and  shall  make  a 
report  of  the  expenditures  and  of  the  funds  of  the  Association  at 
the  annual  convention. 

Section  4.  The  Secretary  shall  be  an  Active  Member  of  the 
Association.  It  shall  be  his  duty  to  attend  all  conventions  and 
meetings  of  the  Association  and  of  the  Executive  Committee;  pre- 
pare the  business  and  duly  record  the  proceedings  thereof.    He 
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shall  see  that  all  moneys  due  the  Association  are  carefully  collected, 
and  shall  promptly  pay  the  same  to  the  Treasurer.  He  shall 
personally  certify  the  accuracy  of  all  bills  or  vouchers  to  the 
Finance  Committee. 

He  shall,  at  the  annual  convention,  make  a  report  of  the  receipts 
and  of  the  condition  and  affairs  of  the  Association. 

He  shall  conduct  the  correspondence  of  the  Association  and 
keep  a  full  record  of  the  same. 

Section  5.  The  Editor  shall  have  charge  of  the  printing  and 
distribution  to  all  the  members,  of  the  Proceedings  and  Transac- 
tions of  the  Association  and  shall  perform  such  other  duties  as  are 
assigned  to  him  by  the  Executive  Committee. 

The  publications  of  the  Association  shall  be  copyrighted  so  far 
as  is  practicable  and  proper. 

ARTICLE  VIII 
Committees 

Section  1.  There  shall  be  four  standing  Committees,  the  Finance 
Committee,  the  Membership  Committee,  the  Publication  Committee 
and  the  Convention  Committee.  The  members  of  each  shall  be  ap- 
pointed by  the  incoming  Executive  Committee.  They  shall  serve 
for  one  year  beginning  with  the  close  of  the  last  day  of  the  Annual 
Meeting  or  until  their  successors  shall  have  been  appointed.  Special 
Committees  may  be  appointed  at  any  time  by  the  President. 

Section  2.  The  Finance  Committee,  which  shall  consist  of 
three  active  members,  shall  audit  and  approve  all  bills  before  they 
shall  be  paid  by  the  Treasurer.  It  shall  examine  the  books  of  the 
Secretary  and  of  the  Treasurer  annuaUy  or  more  often,  and  shall 
audit  the  same  and  report  upon  the  same  to  the  Executive  Com- 
mittee. This  Committee  shall  ako  have  general  supervision  of 
the  finances  of  the  Association,  making  such  reports  thereon  to 
the  Executive  Committee  as  the  exigencies  of  the  case  may  require 
or  as  directed  by  the  Executive  Committee  or  by  the  Association 
at  its  annual  convention. 

Section  3.  The  Membership  Committee,  which  shall  consist 
of  three  members,  shall  examine  the  qualifications  of  and  vote  upon 
all  applicants  for  membership  nominated  in  due  form,  and  report 
its  action  to  the  Secretary. 
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Section  4.  The  Publication  Committee,  which  shall  consist  of 
five  members,  one  of  whom  shall  be  the  Editor,  shall  have  control 
of  the  publications  of  the  Association  and  shall  see  that  all  publi- 
cations and  papers  are  edited  before  publication,  and,  whenever 
possible,  before  presentation. 

The  committee  may  call  to  its  aid  members  of  the  Association 
or  others  who  have  had  special  experience  in  the  subject  treated, 
to  advise  in  regard  to  any  paper,  or  to  discuss  the  same,  and  may 
return  any  paper  to  its  author  for  correction  or  amendment. 

No  papers  containing  matter  either  readily  found  elsewhere, 
especially  advocating  personal  interests,  carelessly  prepared,  purely 
speculative,  or  foreign  to  the  purpose  of  the  Association  shall  be 
accepted.  The  Committee  shall  prepare  rules  which,  when  ap- 
proved by  the  Executive  Committee,  shall  govern  the  preparation, 
presentation  and  publication  of  all  papers  and  such  other  matters  of 
similar  nature  as  the  best  interests  of  the  Association  may  require. 
.  Section  5.  The  Convention  Committee,  which  shall  consist  of 
three  members,  one  of  whom  shall  be  the  Secretary,  shall  investigate 
all  invitations  to  hold  conventions  of  the  Association,  satisfying  itself 
that  the  places  extending  the  invitations  have  proper  facilities  for  the 
accommodation  of  the  members  and  guests,  for  holding  the  meetings 
of  the  Association  with  its  National  Sections,  and  for  Exhibits  by 
Associate  Members.  This  Committee  shall  invite  the  Convention 
Committee  of  the  Water  Works  Manufacturers'  Association  to 
cooperate  with  it.  The  Committee  shall  prepare  and  send  to  all 
cities  extending  invitations  to  hold  conventions  a  form  containing 
such  questions  as  may  be  necessary  to  properly  inform  the  Com- 
mittee as  to  the  convention  facilities  offered.  The  information  shall 
include  a  diagram  of  the  rooms  offered  for  meeting  rooms,  Committee 
and  Section  rooms  and  exhibition  space,  also  a  list  of  available  hotels, 
with  guaranteed  rates  and  the  number  that  each  will  accommodate; 
points  of  interest  to  water  works  people,  and  entertainment,  if  any, 
offered. 

During  each  Annual  Convention  the  Committee  shall  hold  a  meet- 
ing, at  which  advocates  of  various  places  extending  invitations  shall 
be  heard,  and  at  the  time  designated  by  the  Executive  Committee  for 
the  selection  of  the  place  for  holding  the  next  Annual  Convention  the 
Committee  shall  make  a  report  to  the  convention,  stating  in  alpha- 
betical order  the  invitations  received  and  fully  and  impartially  set 
forth  the  advantages  and  facilities  offered  by  each.    Should  no  invi- 
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tations  be  received  it  shall  be  the  duty  of  the  Committee  to  ascertain 
what  arrangements  can  be  made  for  holding  a  convention,  and  to 
report  to  the  Executive  Conunittee  before  the  convention  convenes. 
The  C!onmiittee,  or  one  or  more  members  of  the  Committee,  may, 
as  soon  as  practicable  after  the  place  for  holding  a  convention  has 
been  selected,  visit  such  place  and  ascertain  whether  the  guarantees 
can  be  fully  carried  out,  and  whether  it  is  a  suitable  place  for  holding 
a  convention  of  the  Association ;  also,  if  the  place  is  approved,  to  make 
the  necessary  arrangments  for  holding  the  convention.  If,  after  such 
visit,  it  is  the  judgment  of  the  Committee  that  the  place  is  not  suit- 
able, or  does  not  oflfer  proper  facilities,  or  for  any  other  reason  it 
would  not  be  for  the  best  interests  of  the  Association  to  hold  its  con- 
vention there,  the  Committee  shall  immediately  report  its  findings 
to  the  Elxecutive  Committee,  with  its  recommendations  as  to  the 
meeting  place  for  the  next  annual  convention.  The  expenses  of  the 
Committee  or  members  of  the  Committee,  in  making  such  visits  to 
be  borne  by  the  Association,  on  the  basis  of  an  allowance  of  four  cents 
per  mile  travel. 

ARTICLE  IX 
Mbbtings 

Section  1.  The  Annual  Convention  of  the  Association  shall  open 
on  such  Tuesday  as  the  Executive  Committee  may  designate,  at 
nine  o'clock,  a.  m.,  and  at  such  place  as  shall  have  been  designated 
by  the  Association  at  the  previous  convention,  the  selection  to  be 
by  ballot.  The  place  receiving  a  majority  of  all  votes  cast  shall 
be  selected  as  the  place  of  meeting.  All  members  shall  be  entitled 
to  vote. 

Section  2.  The  Executive  Committee  shall  have  power  to 
change  the  place  of  meeting  as  in  its  judgment  the  interests  of  the 
Association  may  demand. 

Section  3.  The  date  of  the  Annual  Convention  shall  be  fixed 
by  the  Executive  Committee  not  less  than  seventy  da3rs  in  advance 
of  the  meeting,  and  such  date  shall  be  printed  on  all  ballots  for  the 
nomination  or  election  of  officers. 

ARTICLE  X 

Sections 
Section  1.    Local  Sections  may  be  established  by  the  Executive 
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Committee  on  receipt  of  a  written  request  to  that  effect  signed  by 
twenty  Active  or  Corporate  Members  of  the  Association,  residing 
in  the  territory  within  which  the  Local  Section  is  desired. 

Section  2.  National  Sections  consisting  of  Engineers,  Superin- 
tendents, Chemists  and  Bacteriologists,  Accountants  or  other  classes 
of  persons  included  in  the  membership  of  the  Association,  may 
be  established  by  the  Executive  Committee  on  the  request  of 
thirty  members.  Any  member  of  the  Association  may  register  in 
any  National  Section  of  the  Association  in  which  he  is  interested. 

Section  3.  Such  sections  shall  choose  their  own  officers  and 
committees  and  may  make  any  rules  for  their  government  not  incon- 
sistent with  the  constitution  and  by-laws  of  the  Association,  but 
these  rules  must  first  be  approved  by  the  Executive  Committee. 

Section  4.  Each  Local  Section  as  soon  as  established,  and  after 
its  rules  have  been  approved  by  the  Executive  Committee,  may,  with 
the  approval  of  the  Finance  Committee,  annually  receive  from  the 
Treasurer  of  the  Association,  for  local  use,  not  more  than  twenty-five 
per  cent  of  the  annual  dues  paid  to  the  Association  by  the  members 
of  the  said  Local  Section;  except  that  in  no  case  shall  the  total  of 
all  moneys  received  by  any  Local  Section  for  any  one  fiscal  year 
exceed  the  sum  of  One  Hundred  and  Fifty  Dollars;  and  except  that 
Local  Sections  with  small  memberships,  where  the  allotted  twenty- 
five  per  cent  of  the  annual  dues  paid  to  the  Association  by  the  mem- 
bers of  the  said  Local  Section  does  not  amount  to  Fifty  Dollars,  such 
Local  Sections  shall  be  entitled  to  receive  from  the  Treasurer  of  the 
Association,  for  local  use,  not  more  than  Fifty  Dollars  in  any  one 
fiscal  year. 

The  Treasurer  of  each  Local  Section  shall  forward  to  the  Secretary 
of  the  Association  his  application  endorsed  by  the  presiding  officer 
of  the  Section  for  such  portions  of  the  said  sums  above  specified  as 
may  be  needed;  and  upon  receipt  of  such  appUcation  the  Secretary 
shall  request  the  Finance  Committee  to  authorize  the  Treasurer  of 
the  Association  to  pay  such  sums  to  the  Treasurer  of  the  Local  Sec- 
tion. These  moneys  may  be  used  by  the  Local  Section  only  in  pay- 
ment of  necessary  operating  expenses  incurred  by  the  Section,  such 
as  printing,  stationery,  postage,  rent  and  care  of  meeting  room,  light, 
fuel,  stenographer,  and  stereopticon  operator  services  at  meetings,  etc. 

At  the  end  of  each  fiscal  year  the  Treasurer  of  each  Local  Section 
shall  submit  a  certified  copy  of  his  accounts  to  the  Secretary  of  the 
Association,  the  same  being  itemized  and  showing  the  balance  on 
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hand  of  the  funds  received  from  the  Association.  This  balance  shall 
be  returned  to  the  Secretary  of  the  Association,  or  shall  be  charged 
to  the  Local  Section  as  a  portion  of  its  quota  for  the  following  year. 

Section  5.  The  presiding  officer  of  each  section  shall  be  an 
Honorary  Vice-President  of  the  Association. 

Section  6.  Any  section  may  be  dissolved  by  the  Executive 
Committee  for  good  and  sufficient  reasons. 

ARTICLE  XI 
General 

Section  1.  Any  member  may,  with  the  concurrence  of  the  pre- 
siding officer,  admit  friends  to  the  meetings  of  the  Association,  but 
such  persons  shall  not  take  part  in  the  discussions  without  the  con- 
sent of  the  convention;  and  the  privilege  of  the  floor  can  only  be 
granted  to  a  non-member  by  unajiimous  consent. 

Section  2.  The  Secretary  shall  send  notice  to  all  members  of 
the  Association  at  least  fifteen  days  before  the  annual  convention, 
giving  the  titles  of  papers  to  be  read  and  mentioning  any  special 
business  to  be  considered  at  said  convention. 

ARTICLE  XII 
Amendments 

Section  1.  All  proposed  amendments  to  the  Constitution  shall 
be  submitted  in  writing  to  the  Executive  Committee  which  at  its 
discretion  may  bring  them  before  the  next  Annual  Convention  of  the 
Association,  but  the  Executive  Committee  must  do  so  on  the  re- 
quest in  writing  of  five  members  of  the  Association. 

Section  2.  To  pass  an  amendment  to  the  Constitution,  an 
affirmative  vote  of  two-thirds  of  the  members  present  and  voting  at 
said  convention  shall  be  required. 
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PAST  PRESIDENTS 

♦Ck)L.  J.  T.  Fo8T»B,  Chicago,  lU 1S81-18S2 

♦Col.  J.  T.  Fostkr,  Chicago,  III 188^1883 

♦J.  G.  Bbigqs,  Terre  Haute,  Ind 1883-1884 

♦L.  H.  Gardner,  New  Orleana,  La 1884-1886 

♦Pbtbr  Milne,  Brooklyn,  N.  Y 1885-1886 

tB.  F.  Jones,  Kanaas  City,  Mo 1886-1887 

♦J.  T.  Fanning,  Minnei^lia,  Minn 1887-1888 

tA.  N.  Dbnman,  Dee  Moinea,  la 1888-1880 

♦J.  H.  IhDCKBR,  Salina,  Kans. 188&-1890 

tWiLUAM  B.  Bull,  Quincey,  111 1890-1801 

J.  M.  DiVBN,  Elmira,  N.  Y 1801-1802 

G.  H.  Bbnzbnbbro,  Milwaukee,  Wia 1802-1803 

James  P.  Donahue,  Davenport,  la 1803-1804 

♦WiLUAM  Rtle,  Paterson,  N.  J 1804-1805 

•W.  G.  Richards,  Atlanta,  Ga 1805-1806 

♦F.  a.  W.  Datis,  Indianapolis,  Ind 1806-1807 

John  Caulpield,  St.  Paul,  Minn 1807-1808 

^Joseph  A  Bond,  Wilnungton,  Del 1898-1800 

R.  M.  Clayton,  Atlanta,  Ga 1800-1000 

C.  E.  Bolung,  Richmond,  Va 1000-1001 

•William  R.  Hill,  New  York,  N.  Y 1001-1002 

♦C.  H.  Campbell,  Charlotte,  N.  C 1002-1003 

tL.  N.  Case,  Duluth,  Minn 1003-1004 

Morris  R.  Sherrerd,  Newark,  N.  J 1004-1905 

jBenjamin  C.  Adkins,  St.  Louis,  Mo 1005-1906 

Dabnet  H.  Maurt,  Peoria,  III 1006-1007 

George  H.  Felix,  Reading,  Pa 1007-1908 

D.  W.  French,  Weehawken,  N.  J 1908-1900 

Dr.  Wiluam  p.  Mason,  Troy,  N.  Y 1000-1910 

John  W.  Alvord,  Chicago,  111 1010-1911 

Alexander  Milne,  8t.  Catharines,  Ont 1911-1912 

Dow  R.  GwiNN,  Terre  Haute,  Ind 1912-1913 

Robert  J.  Thomas,  Lowell,  Mass 1913-1914 

George  G.  Earl,  New  Orleans,  La 1914-1915 

Nicholas  8.  Hill,  Jr.,  New  York,  N.  Y 1915-1916 

Leonard  Metcalf,  Boston,  Mass 1916-1917 

Theodore  A.  Leisen,  Detroit,  Mich 1917-1918 

*  Deceased. 

t  Not  now  a  member  of  the  Association. 
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LIST  OF  OFFICERS  1918-1919 

President 
Chableb  R.  Hekdebson,  Manager  Davenport  Water  Co.,  Davenport,  la. 

Vtce^Preiident 
Carlbton  E.  Davis,  Chief,  Bureau  of  Water,  Philadelphia,  Pa. 

Trecuurer 
James  M.  Caird,  Chemist  and  Bacteriologist,  Troy,  N.  Y. 

Secretary 
John  M.  Diybn,  Superintendent  of  Water  Works,  Troy,  N.  Y. 

Editor 
J.  M.  GooDBLL,  Washington,  D.  C. 

Tru8tee8 
Term  Expiring  1919 
M.  L.  WoRRBLL,  General  Manager  Water  Department,  Meridian,  Miss. 
F.  W.  Cappblbn,  City  Engineer,  Minneapols,  Minn. 

Term  Expiring  1920 
Bbekman  C.  Little,  Superintendent  Water  Works,  Rochester,  N.  Y. 
W.  S.  Crameb,  Chief  Engineer  Water  Works  Company,  Lexington,  Ky. 

Term  Expiring  1921 
Allan  W.  Cuddbback,  Engr.  and  Supt.  Water  Company,  Paterson,  N.  J. 
Jack  J.  Hinman,  Jr.,  State  Board  of  Health,  Iowa  City,  la. 

Executive  Committee 
CHARLES  R.  HENDERSON,  President 
CARLETON  E.  DAVIS  JOHN  M.  GOODELL 

JAMES  M.  CAIRD  M.  L.  WORRELL 

JOHN  M.  DIVEN  F.  W.  CAPPELEN 

GEORGE  A.  JOHNSON  B.  C.  LITTLE 

LEONARD  METCALF  W.  S.  CRAMER 

THEODORE  A.  LEISEN  ALLAN  W.  CUDDEBACK 

JACK  J.  HINMAN,  Jr. 

LIST  OF  COMMITTEES  1918-1919 

FINANCE 

Gbobge  a.  Johnson,  Chairman,  150  Nassau  St.  New  York,  N.  Y. 
J.  Waldo  Smith,  Municipal  Building,  New  York,  N.  Y. 
Fbank  a.  Babboxtb,  1120  Tremont  Building,  Boston,  Mass. 
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FUBUCATION 

Chableton  E.  Davis,  Chainnan,  Chief >  Bureau  of  Water,  Philadelphia,  Pa. 
William  W.  Brush,  Municipal  Building,  New  York,  N.  Y. 
Allan  W.  Cuddeback,  158  Ellison  St.,  Paterson,  N.  J. 
George  A.  Johnson,  150  Nassau  St.,  New  York,  N.  Y. 
John  M.  Goodell,  Editor,  Cosmos  Club,  Washington,  D.  C. 

MEMBERSHIP 

Lewis  I.  Birbsall,  Chairman,  Superintendent  Filtration,  Minneapolis,  Minn. 
Frank  C.  Jobban,  Secretary  Water  Company,  Indianapolis,  Ind. 
W.  Z.  Smith,  General  Manager  Water  Works,  Atlanta,  Ga. 

convention 

Beekman  C.  Little,  Chairman,  Supt.  Water  Works,  Rochester,  N.  Y. 

Dr.  M.  p.  Conway,  Auburn  Water  Board,  Auburn,  N.  Y. 

John  M.  Divbn,  Secretary,  Superintendent  Water  Works,  Troy,  N.  Y. 

bbtision  or  stanbabd  specifications  for  cast  iron  pipe  and  specials 

John  H.  Grboort,  Chairman,  Cons.  Engr.,  170  Broadway,  Now  York,  N.  Y. 
W.  H.  Randall,  Supt.  of  Maintenance,  Water  Dept.,  Toronto,  Ont. 
Walter  WooD,Pre8t.  MillvilleWater  Co.,  400  Chestnut  St.,  Philadelphia,  Pa. 
Fbank  a.  Barbour,  Cons.  Hydr.  and  Sanit.  Engr.,  1120  Tremont  Bldg., 

Boston,  Mass. 
Edward  E.  Wall,  Water  Commissioner,  St.  Louis,  Mo. 
N.  F.  S.  Russell,  1421  Chestnut  Street,  Philadelphia,  Pa. 

OFFICIAL  standards  OF  WATER  ANALYSIS 

Jack  J.  Hinman,  Jr.,  Chairman,  State  Board  of  Health,  Iowa  City,  la. 

E.  M.  Chamot,  Prof.  Sanitary  Chemistry,  Cornell  Univ.,  Ithaca,  N.  Y. 

H.  A.  Whittaker,  State  Board  of  Health,  Minneapolis,  Minn. 

Joseph  Race,  City  Bacteriologists  and  Chemist,  Ottawa,  Can. 

Abel  Wolman,  Sanitary  Engineer,  16  W.  Saratoga  Street,  Baltimore,  Md. 

COLD  weather  troubles 

Chables  R.  Bettes,  Chairman,  Ch.  Eng.  Queens  Co.  Water  Co.,  Far  Rock- 
away,  N.  Y. 
Edwabd  S.  Cole,  25  Elm  Street,  New  York,  N.  Y. 
Carlos  Lobo,  Dept.  W.  S.  G.  &  E.,  Municipal  Building,  New  York,  N.  Y. 
John  H.  Cook,  Hyd.  Engineer,  158  Ellison  St.,  Paterson,  N.  J. 
Francis  H.  Luce,  Superintendent  Water  Company,  Woodhaven,  N.  Y. 

PRIVATE  FIRE  PROTECTION  SBRYICE 

Nicholas  S.  Hill,  Jr.,  Chairman,  Consulting  Engineer,  100  William  Street, 

New  York,  N.  Y. 
George  G.  Earl,  502  City  Hall  Annex,  New  Orleans,  La. 
E.  V.  French,  M.E.,  31  Milk  Street,  Boston,  Mass. 
Frank  C.  Jordan,  Secretary  Water  Company,  Indianapolis,  Ind. 
Walter  E.  Miller,  1719  Madison  Street,  Madison,  Wis. 
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ROLL  OF  HONOR 

Babbitt,  Habold  Eaton,  Capt.  E.  R.  C,  A.  S.,  S.  O.  S.,  Am.  Exp.  Forces. 

Bartow,  Edward,  Major  San.  Corps,  N.  A.,  Am.  Exp.  Forces. 

Bascom,  G.  R.,  Major  San.  Corps,  Camp  Pike,  Ark. 

Bassbtt,  Charles  K.,  Ist  Lieut.  Eng.  Div.  Ord.,  Am.  Exp.  Forces. 

Bennett,  A.  N.,  1st  Lieut.  337th  F.  A.  R.  C,  Camp  Dodge,  la. 

Black,  Ernest  B.,  Capt.  Aviation  Sect.  Signal  Corps.  Washington,  D.  C. 

Black,  Gxjrdon  G.,  Major  Engrs.  N.  A.  314th  Engineers  (Sappers),  Amer. 

Exp.  Forces. 
Blair,  McCrea  Parker,   Capt.  Conmdg.  Co.  C,  No.  1  Depot  Battalion. 

Minto  Barracks.  Winnipeg,  Man. 
Bowles,  James  Ten  Broeck,  Lieut. -Col.  San.  Corps,  Am.  Exp.  Forces. 
Brennan,  B.  C,  Capt.  Eng.  Corps,  Am.  Exp.  Forces. 
Brown,  Rasselas  Wilcox,  Co.  A,  112th  U.  S.  Inf.,  Camp  Hancock,  Ga. 
Brown,  Robert  Huse,  Capt.  San.  Corps,  N.  A.,  Camp  A.  A.  Humphreys, 

Va. 
BuswELL,  A.  M.  Lieut.  San.  Med.  Corps,  Am.  Exp.  Forces. 
Carr,  Joseph  Arthur,  Corp.  Aviation  Sect.  Signal  Corps,  Amer.  Exp.  Forces. 
Case,  Rai/ph  E.,  Ensign  Naval  Reserve,  New  London,  Conn. 
Catlett,  George  Fitzhugh,  Capt.  San.  Eng.,  Amer.  Exp.  Forces. 
Cheney,  Joseph  Y.,  2nd  Lieut.  Co.  D,  17th  Inf.,  Tampa,  Fla. 
Christie,  J.  G.  C,  Lieut.,  505  Aero  Squad.,  Camp  Greene,  Charlotte,  N.  C. 
Claiborne,  Herbert  A.,  Lieut.  485  Aero  Squad.,  Am.  Ex.  Forces. 
Curry,  Dr.  D.  P.,  Capt.  Asst.  Chf.  Med.  Of.  Canal  Zone,  Balboa  Heights, 

C.  Z. 

Daniels,  Francis  E.,  Capt.  San.  Corps,  Camp  Lee,  Va. 

DiVEN,  John  M.,  Jr.,  2nd  Lieut.  O.  R.  C,  Edgewood  Arsenal,  Edgewood,  Md. 

DoTEN,  Leonard  S.,  Major  Q.  M.  C,  N.  A.,  Washington,  D.  C. 

Dusinberrs,  George  B.,  Major  O.  R.  C,  Washington,  D.  C. 

Ferqxtson,  Harry  FosteIi.  1st  Lieut.  E.  R.  C,  A.  S.,  S.  O.  S.,  Am.  Exp. 

Forces. 
Fritze,  L.  a.,  1st  Lieut.  Field.  Lab.  42nd  Div.  Rainbow,  Am.  Exp.  Forces. 
Gavett,  Weston,  1st  Lieut.  San.  Corps,  Cmndg.  San.  Squad  No.  1,  28th  Div., 

Camp  Hancock,  Ga. 
Goldsmith,  Clarence,  Major  Q.  M.  C,  N.  A.,  Constr.  Div.,  Washington, 

D.  C. 

Graff,  George  W.,  40th  Co.,  10th  Tr.  Bat.,  Camp  Lee,  Va. 
Hale,  Richard  King,  Lieut.-Col.  101st  Field  Art.,  Am.  Exp.  Forces. 
Hansen,  Paul,  Capt.  Engrs.,  Am.  Exp.  Forces. 
IIaskins,  C.  a.,  Capt,  San.  Corps,  N.  A.,  Washington,  D.  C. 
Hazlehurst,  Jambs  Nisbet,  Major  E.  R.  C,  Genl.  Staff,  Am.  Exp.  Forces. 
Hendrick,  Wallace  M.,  1st  Lieut.  301st  Engrs.,  Am.  Exp.  Forces. 
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HiNMAN,  Jack,  Jr.,  1st  Lieut.  San.  Corps,  N.  A.  Army  Med.  School,  Wash- 
ington, D.  C. 

Hyde,  Charles  Oilman,  Capt.  San.  Corps,  N.  A.  Camp  Greenleaf,  Ga. 

Irving,  Thomas  C,  Lieut. -Col.  Royal  Canadian  Engrs.,  killed  in  action 
October  30,  1917. 

Irwin,  Ralph  Edward,  Capt.  San.  Corps,  N.  A.,  U.  S.  Filling  Plant,  Edge- 
wood,  Md. 

Jar  VIS,  Alexander  Charles,  Capt.  Royal  Engrs.,  War  OflSce,  London, 
England. 

Johnson,  George  A.,  Major  Q.  M.  C,  N.  A.,  M.  &  R.  Bch.  Const.  Div.,  Wash- 
ington, D.  C. 

KiLPATRiCK,  John  Douglas,  Lieut.-Col.,  Q.  M.  C.  N.  G.  U.  S.,  Am.  Exp, 
Forces. 

KiRKPATRicK,  Earl  T.,  Lieut.  Co.  H.  42d  Inf.,  Newport  News,  Va. 

Lbe,  Charles  H.,  Engrs.  1st  Lieut.  E.  R.  C,  Water  Sup.  Section,  Am.  Exp. 
Forces. 

Leisen,  Theodore  A.,  Major  Q.  M.  R.  C,  Constr.  Q.  M.,  Camp  Custer,  Mich. 

Lbtton,  Harry  Pike,  Capt.  San.  Engr.  U.  S.  R.,  Water  Sup.  Sect.,  Am.  Exp. 
Forces. 

LoNGLET,  Francis  F.,  Lieut.-Col.  26th  Engrs.,  Am.  Exp.  Forces. 

LoNGLET,  Frederick  J.,  Lieut.  Comndg.  Officer,  271st  Aero  Squad,  Elling- 
ton Field,  Tex. 

McCoRMicK,  Robert,  Co.  D,  26th  Engrs.,  Camp  Dix,  N.  J. 

McLaughun,  George  E.,  Lieut.  U.  S.  Navy,  Asst.  Surgeon,  Naval  Tr.  Sta- 
tion, Hampton  Roads,  Va. 

McRae,  Henry  C,  Ist  Leiut.  E.  O.  R.  C,  318  Engrs.,  Van  Couver  Barracks, 
Waah. 

Machen,  Henry  B.  Ord.  Production  Div.,  Explosives  Sect.,  Buffalo,  N.  Y. 

Mallalibu,  Willard  C,  Capt.  S.  C,  N.  A.,  Battalion  7,  M.  O.  T.  C,  Camp 
Greenleaf,  Ga. 

Maury,  Dabney,  H.,  Lieut.-Col.  Q.  M.  C,  N.  A.,  Advisory  Engr.  Water  Sup. 
Cons.  Div.,  Washington,  D.  C. 

Messer,  Richard,  Major  Q.  M.  C,  N.  A.  Cons.  Div.  M.  &  R.  Bch.,  Wash- 
ington, D.  C. 

Mitchell,  Charles  H.,  Lieut.-Col.,  D.  S.  O.,  C.  M.  G.,  Chief  of  Intelligence, 
2nd  British  Army,  Brit.  Exp.  Forces.  Honors:  Distinguished  Service 
Order;  Companion  of  St.  Michael  &  St.  George;  Officer  Legion  of  Honour 
(France);  Officer  Order  of  Leopold  (Belgium);  three  mentions. 

Mitchell,  George,  Lieut.  R.  M.  Engrs. JH.  M.  S.  Imp^rieuse,  London,  England. 

MoHLER,  Bruce  M.,  Capt.  San.  Corps,  N.  A.,  Am.  Exp.  Forces. 

Murphy,  Alvin  R.,  Capt.  E.  R.  C,  Am.  Exp.  Forces. 

Murray,  Harry  E.,  Capt.  Q.  M.  C,  Scofield  Barracks. 

PiRNiE,  Malcom,  1st  Lieut.  R.  T.  C,  N.  A.,  Am.  Exp.  Forces. 

Powers,  Jerome,  1st  Lieut.  U.  S.  E.  R.,  24th  Engrs.,  Am.  Exp.  Forces. 

PuGH,  Marshall  R.,  Major  21st  Engrs.,  Am.  Exp.  Forces. 

RuTTAN,  H.  N.,  Brig.  Genl.  Comndg.  M.  D.  10,  Winnipeg,  Man. 

ScHARPF,  Maurice  Roos,  1st  Lieut.  E.  O.  R.  C,  Am.  Exp.  Forces. 

Smith,  Merritt  H.,  Col.  104th  Field  Art.,  Am.  Exp.  Forces. 
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Smoot,  L.  D.,  Capt.  Q.  M.  C.  N.  A.,  Camp  A.  A.  Humphreys,  Va. 

Spear,  Walter  E.,  Major  Q.  M.  C,  in  chge.  Utilities,  Camp  Upton,  N.  Y. 

Stephen,  Charles,  Lieut.  Comdg.  H.  M.  S.  "Skate/*  London,  England. 

SuTER,  Russell,  Capt.  E.  R.  C,  Am.  Exp.  Forces. 

Tolles,  Frank  C,  Ist  Lieut.  Co.  E,  112th  Engrd.,  Amer.  Exp.  Forces. 

ToYNE,  John  W.,  Capt.  Q.  M.  C,  Camp  Custer,  Mich. 

Van  Winkle,  Walter  H.,  Jr.,  Ist  L»eut.  Q.  M.  C,  Const.  Div.,  Washington, 

D.C. 
Walker,  Elton  D.,  Capt.  Co.  A,  15th  Engrs.,  Am.  Exp.  Forces. 
West,  Vernon  F.,  Lieut.  U.  S.  Navy,  Portland,  Me. 
Wheeler,  Robert  C,  Capt.  Q.  M.  C,  Newport  News,  Va. 
Whitman,  Ezra  B.,  Major  O.  R.  C,  Camp  Meade,  Md. 
WiCKHAM,  James  T.,  Royal  Engrs.,  British  Army. 
Wood,  Edward  R.,  Jr.,  Capt.  118th  Field  Art.,  Am.  Exp.  Forces. 
Worrell,  M.  L.,  Capt.  Q.  M.  C.  N.  A.,  Camp  Logan,  Texas. 
Wright,  John  Bertram,  Capt.  Co.  C,  520  Engrs.  Camp,  A.  A.,  Humphreys,  Va. 

JUNIOR  ROLL  OF  HONOR 

Amsbary,  Harlow  A.  (son  F.  C),  2nd  Lieut.  30th  Artillery  Brig.,  C.  A.  C. 

Am.     Exp.     Forces. 
Atkinson,  Myron  H.  (son  T.  R.),  3rd  O.  T.  C,  Camp  Devens  Mass. 
Baker,  Frederick  W.  (son  M.  N.),  2nd  Lieut.  62nd  Inf.,  Camp  Gordon,  Ga. 
Batchblder,  Robert  F.  (son  G.  W.),  Ensign  N.  R.  F. 
Berry,  Loren  J.  (son  J.  P.),  1st  Sgt.  M.  C,  Am.  Exp.  Forces.    . 
Clark,  Donald  M.  (son  H.  W.),  Co.  C  73rd  U.  S.  M.  C,  Paris  Island,  S.  C. 
Clow,  William  E.  (son  J.  B.),  Ensign  U.  S.  Navy,  Lake  Forest,  111. 
Dappert,  Anselmo  F.  (son  J.  W.),  Lt.  305th  Tank  Battalion,  Co.  A,  Camp 

Colt,  Pa. 
Dappert,  Boyd  H.  (son  J.  W.)  21st,  6th  Tr.  Bri.  157  Depot,  Camp  Gordon,  Ga. 
Dappert,  James  Ivan  (son  J.  W.)  Sgt.  132nd  U.  S.  Inf.,  Am.  Exp.  Forces. 
Dappert,  John  V.  (son  J.  W.),  Lieut.  130th  U.  S.  Inf.,  Am.  Exp.  Forces. 
Dappert,  Merlin  L.  (son  J.  W.),  Lieut.  Co.  I,  130th  U.  S.  Inf.,  Am.  Exp. 

Forces. 
Faller,  C.  p.  (son  C),  Lieut.  11th  Inf.,  Camp  Forest,  Ga. 
Fellowes,  a.  N.  (son  C.  L.),  Lieut.  Railway  Bat.,  Can.  Exp.  Forces. 
Fellowes,  C.  O.  (son  C.  L.),  Lieut.  Sig.  Of.  3rd  Canadian  Inf.  Brigade. 
Fellowes,  K.  C.  (son  C.  L.),  Lieut.  Inf.  Can.  Exp.  Forces,  France. 
Fellowes,  S.  H.  (son  C.  L.),  Capt.  8th  Field  Co.  of  Engrs.,  Can.  Exp.  Forces, 

France. 
GooDELL,  John  B.  (son  J.  M.),  U.  S.  N.  R.,  Fore  River  Shp.  Bldg.  Co.,  Quincy, 

Mass. 
GooDRicK,  Edgar  Cbphus  (son  E.  H.),  Chf .  Q.  M.  Signals,  U.  S.  N.,  in  foreign 

waters. 
Grasty,  R.  L.  (son  E.  C),  Co.  L,  158  Inf.,  Camp  Kearny,  Cal. 
GwiNN,  Lawrence  R.  (son  D.  R.),  Meteorology  Div.,  College  Station,  Tex. 
GwiNN,  Paul  C.  (son  D.  R.),  Gas  Defense  Div.,  New  Haven,  Conn. 
Howell,  Beaudric  L.  (son  D.  J.),  Co.  E,  104th  U.  S.  E.  R.,  Am.  Exp.  Forces. 
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HuLicK,  William  H.,  Jr.  (son  W.  H.),  on  Destroyer  in  foreign  waters. 
Hymmen,  Gordon  (son  H.),  Co.  A.  Royal  Can.  Inf.  Military  Hosp.,  Guelph, 

Ont. 
Irwin,  C.  Russel  (son  T.  C),  San  Detch.  102nd  Fid.  Sig.  Bn.,  Am.  Exp. 

Forces. 
Johnson,  George  S.  (son  Peter),  Lieut.  Aviation,  Pine  Field,  West  Point, 

Miss. 
Kent,  W.  T.  (son  J.  T.),  Naval  Aviation,  N.  F.  R.,  Am.  Exp.  Forces. 
Lbisbn,  Theodore  A.,  Jr.  (son  T.  A.),  Navy,  U.  S.  S.  "DeKalb." 
Little,  David  Beekman  (son  B.  C),  U.  S.  N.  R.  Naval  Station,  Pelham  Bay, 

N.Y. 
Lucas,  Daniel  R.  (son  H.  L.),  Corp.  Engrs.  Co.  A,  108th  Engrs.,  Am.  EIxp 

Forces. 
Luce;  Herbert  P.  (son  F.  H.),  Capt.  Co.  C,  305th  Machine  Gun,  Am.  Exp. 

Forces. 
Luce,  Robert  F.  (son  F.  H.),  Flying  Cadet,  Mineola,  N.  Y. 
Mc Williams,  John  S.  (son  C.  Q.),  1st  Lieut.  Aviation,  Am.  Exp.  Forces. 
Maurt,  Dabnet  H.,  Jr.  (son  D.  H.),  U.S.  A.  A.C.,  S.  S.  V.  623  Am.  Exp. 

Forces. 
Miller,  Buckingham  (son  H.  A.),  Co.  A.  27th  Engrs.,  Am.  Exp.  Forces. 
Miller,  Donald  F.  (son  S.  F.),  Ensign  (T)  U.  S.  N.,  Submarine  School,  New 

London.  Conn. 
Miller,  Hiram  Allen,  Jr.  (son  H.  A.),  Hdqtrs.  5th  Field  Art.,  Am.   Exp 

Forces. 
Miller,  Philip  F.  (son  S.  F.)  1st  Lieut.  Ord.  Engrs.,  Washington,  D.  C. 
Milligan,  Archibald  S.  (son  R.E.),  Inf.,  Camp  Funston,  Kans. 
Morris,  Charles  (son  C.  H.),  Co.  H,  113th  Inf..  Camp  Hill,  Newport  News,  Ya. 
Morris,  LeRot  H.  (son  C.  H.),  Co.  H,  113th  Inf.,  Camp  Hill  Newport  News 

Va. 
Morris.  Russel  H.  (son  C.  H.),  CJo.  G,  311  Inf.,  Am.  Exp.  Forces. 
Mueller,  Lucibn  W.  (son  Philip),  Lieut.  Ord.  Dept.,  Detroit,  Mich. 
Mueller,  William  Everett  (son  Adolph),  U.  S.  N.  R.,  Pelham  Bay,  N.  Y. 
Randall,  W.  T.  (son  W.  H.),  4th  Can.  Battalion,  Can.  Exp.  Forces. 
Rue,  Orlie  (son  J.  A.),  1st  Sgt.  Signal  Corps,  Camp  S.  F.  B.  Morse,  Tex. 
Rust,  Fred  C.  (son  C.  H.),  16th  Can.  Reserve  Battalion,  Brit.  Exp.  Forces. 
Rtland,  Reis  J.  (son  J.  R.  ),  2nd  Lieut.  U.  S.  R.,  S.  C,  Camp  McArthur, 

Tex. 
Volkhardt,  a.  N.  (son  Wm.),  2nd  Lieut.  S.  C,  Aero  Sec.  Schl.  of  Aviation, 

Ithaca,  N.  Y. 
Wilcox,  William  F.,  Jr.  (son  W.  F.),  Sgt.  106th  Supply  Train,  31st  Div. 
Wynne-Roberts,  Miss  Buddug  (daughter  R.  O.),  Nurse,  St.  John's  Ambu- 
lance, Rouen,  France. 
Wynne-Roberts,  Lewis  Wynne  (son  R.  O.),  Royal  Engrs.  Indian  Army, 

9th  Co.,  Queen  Victoria's  Own  Sappers  and  Miners,  Mesopotamia  Exp. 

Forces,  Mesopotamia. 
Yereancb,  Alexander  W.  (son  W.  B.),  1st  Lieut.  Co.  F,  305th  Engrs.,  Am. 

Exp.   Forces. 
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HONORARY  MESdHERS 

DATB  OF 
ADMIBBIOM 

Bbmbnt,  R.  B.  C.  Apr.  18, 1888 

St.  Paul,  Minn. 

Cambbon,  Wiluam  Lt  Moh.  29, 1881 

2415  Ave.  K,  Galveston,  Tex. 

Caulfisld,  John  July  14,  1887 

Mgr.  Bismarck  Water  Supply  Co.,  Bismarck,  N.  D. 

HoLLT,  Iba  a.  Mch.  29, 1881 

223  Clinton  Ave.,  New  Haven,  Conn. 

HoLMAN,  M.  L.  Mch.  29, 1881 

721  Olive  St.,  St.  Louis,  Mo. 

LbContb.  L.  J.  July  26, 1880 

C.  k  Cons.  Engr.,  2501  Piedmont  Ave.,  Berkeley,  Cal. 

Nakajima,  Y.  July  14,  1887 

Imperial  University,  Tokyo,  Japan. 

ACTIVE  MEMBERS 

Abbott,  G.  H.  June  4, 1912 

Treas.   &  Supt.   Southbridge  Water  Supply  Co., 
Southbridge,  Mass. 

AcKXBMAN,  J.  Waltbb  Jubo  24,  1918 

Supt.  Water  Board,  Auburn,  N.  Y. 

Adams,  Ai;roN  P.  June  4, 1912 

Public  Service  Engineer,  Natick,  Mass. 

Adamb,Hbnbt  Apr.  22, 1914 

Cons.  Engr.,  128^-69  Calvert  Bldg.,  Baltimore,  Md. 

Aebtns,  Albert  Nelson  Mch.  4,  1915 

716  Greenwood  Ave.,  Brooklyn,  N.  Y 

Ahbabn,  John  T.  June  7, 1914 

1903  Adelicia  St.,  Nashville,  Tenn. 

Aldbich,  a.  C.  May  29,  1916 

Supt.  of  Sts.,  Rm.  3,  City  Hall,  Beardstown,  111. 
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Albxandsr,  Montoomsrt  Apr.  22,  1914 

Chem.  &,  Bact.,  1224  Washington  St.,  Wilmington, 
Del. 

Allbn,  Hugh  L.  Apr.  5,  1917 

Supt.  Water  &  Light  Com.,  Greenville,  N.  C. 

Allbn,  William  John  Mch.  4,  1915 

Ch.  Engr.  &  Bact.,  329  Cory  Ave.,  Waukegan,  111. 

Allin,  T.  D.  July  12,  1906 

Comnr.  Pub.  Wks.,  City  Hall,  Pasadena,  Cal. 

Aluson.  Jamss  E.  June  24,  1913 

300  Security  Bldg.,  St.  Louis,  Mo. 

Alvobd,  John  W.  May  17,  1889 

Cons.  Engr.,  1417-18  Hartford  Bldg.,  Chicago,  111. 

Ames,  Clabence  F.  Apr.  10,  1918 

Supt.  Water  Works,  Norwich,  N.  Y. 

Amiss,  Thomas  L.  June  26,  1918 

Supt.  Water  and  Sewerage,  Shreveport,  La. 

Amos,  John  F.  June  8,  1908 

Ch.  Engr.  R.  &  L.  O.  Water  Co.,  Charlotte  Stn., 
Rochester,  N.  Y. 

Ambbart,  F.  C.  June  11, 1902 

Mgr.  Water  Co.,  Champaign,  111. 

Andbrs.  Frank  LaFatbttb  June  10, 1911 

City  Engineer,  Box  185,  Fargo,  N.  D. 

Andbrson,  J.  F.  June  24, 1913 

417  N.  Denver  Ave.,  Kansas  City,  Mo. 

Anderson,  Robert  M.  Dec.  20,  1916 

Prof.  Engrg.  Practice,  Stevens  Inst.,  Hoboken,  N.  J. 

Anderson,  W.  F.  May  12,  1914 

Supt.  Water  Works,  Effingham,  III. 

Andrews,  George  C.  Feb.  20,  1917 

Water  Comnr.,  2  Municipal  Bldg.,  Buffalo,  N.  Y. 

Andrews,  Lewis  P.  June  7, 1904 

Mgr.,  Secty.  &  Treas.  Water  Co.,  Sedalia,  Mo. 

Andrews,  Robert  E.  June  24,  1913 

Natl.    Bd.    Fire   Underwriters,    76    William    St., 
New  York,  N.  Y. 

Angier    E.  E.  June  26,  1918 

Chmn.  Bd.  Water  Comrs.,  117  E.  7th  St.,  Beards- 
town,  111. 

Angus,  Robert  W.  Jan.  29,  1917 

rrof.  of  Mech.  Engrg.,  Univ.  of  Toronto,  Toronto, 
Can. 
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Anthony,  Chas.  July  18,  1007 

Genl.  Mgr.  Water  Co.,  Cassilla  Correo  149,  Bahia 
Blanca,  Argentine  Republic,  S.  A. 

Applbbaum,  Samuel  Bernard.  C.E.  May  3,  1916 

San.  Engr.,  259  E.  182d  St.,  New  York,  N.  Y. 

Archer,  Elmer  T.  June  26,  1918 

Cons.  Engr.,  New  England  Bldg.,  Kansaa  City,  Mo. 

Armstrong,  Jambs  W.,  C.E.  Apr.  27, 1910 

Lake  Montebello,  Hillen  Rd.,  Baltimore,  Md. 

Armstrong,  Rat  Apr.  22, 1914 

Supt.  Water  &  Sewer  Dept.,  Rome,  N.  Y. 

Armstrong,  Roger  W.  Apr.  14,  1916 

Camp  Quartermaster's  Office,  Camp  Upton,  N.  Y. 

Atkinson,  T.  R.  June  24,  1915 

Cons.  Engr.,  Bismarck,  N.  D. 

Attbrsall,  Charles  F;  July  18, 1907 

Supt.  Water  Works,  Winchester,  Ky. 

Atrbs,  John  H.  May  12, 1908 

208  School  St.,  Bennington,  Vt. 

Ayres,  Louis  E^  C.E.,  B.S.  Nov.  19,  1914 

Comwell  Uldg.,  Ann  Arbor,  Mich. 

Atrbs,  Thomas  H.  June  24, 1918 

905  Sherman  Ave.,  South  Bend,  Ind. 

Babbitt,  Harold  E.  Jan.  12,  1915 

Capt.  Engrs.  Res.  A.  S.,  S.  O.  S.,  Am.  Exp.  Forces, 
France. 

Babcock,  G.  H.  June  8,  1916 

Supt.  Water  Works,  East  Rochester,  N.  Y. 

Bachman,  Frank  Apr.  21,  1916 

Chem.  &  Bact.,  State  Bd.  of  Health,  Berkeley,  Cal. 

Bain,  Ernest  B.  June  7, 1904 

Supt.  City  Water  Dept.,  Raleigh,  N.  C. 

Bair,  Maurice  Z.  May  8,  1916 

Prin.  Asst.  Engr.  State  Bd.  of  Health,  Page  Hall, 
Ohio  State  Univ.,  Columbus,  Ohio. 

Baker,  M.  N.  June  24,  1903 

Assoc.  Editor  Engineering  News-Record,  10th  Ave. 
at  36th  St.,  New  York.  N.  Y. 

Baldwin,  Fred  N.  May  14,  1916 

Supt.  Water  Works,  Flint,  Mich. 

Baldwin,  Hbnrt  dbForbst  Apr.  27,  1910 

Prest.  Queens  Co.  Water  Co.,  49  Wall  St.,   New 
York,  N.  Y. 
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Bancboft,  Lbwu  M.  June  27, 1906 

Supt.  Water  Works,  Reading,  Mass. 

Babboub,  Fbanx  a.  July  10, 1006 

Ck>n8.  Hyd.  k  San.  Engr.,   1120  Tremont  Bldg., 
Boston,  Mass. 

Babclat,  W.  E.  June  26,  1918 

Supt.  Dept.  Water  and  Elect.,  Aurora,  111. 

Babdwbll,  R.  C.  Not.  1,  1914 

Chemist,  Mo.  Pac.  Ry.  Co.,  027    Midland    Bldg., 
Kansas  City,  Mo. 

Barlow,  J.  E.  May  14,  1916 

C.  &  Hyd.Engr.,  Serv.  Dir.,  Qty  BWl,  Dayton,  Ohio. 

Barnsb,  T.  Howard,  Jan.  12,  1916 

Cons.    Engr.,  United   Fruit    Co.,    1646   Whitehall 
Bldg.,  New  York,  N.  Y. 

BARlfHARD.  P.  Oct.  23, 1914 

Mgr.  Mt.  Carmel  Pub.  Util.  Co.,  Mt.  Carmel.,  111. 

Barr,  Wiluam  M.  Feb.  19,  1917 

Con.  Chem.,  U.  P.  R.  R.  Co.  A  O.  S.  L.  R.  R.  Co., 
Omaha,  Neb. 

Barrbtt,  Charlss  F.  June  24, 191t 

Supt.  Water  Works,  City  &  Co.  Bldg.,  Salt  Lake 
City,  Utah. 

Bartlrtt.  N.  Emort  June  8,  1909 

Natrona  Water  Co.,  1000  Widener  Bldg.,  Philadel- 
phia, Pa. 

Bartow,  Edward  July  10, 1906 

Major  San.  Corps,  N.  A.,  Am.  Exp.  Forces,  France 

Bascom,  G.  R.  Sept.  19,  1914 

Major  San.  Corps,  N.  A.,  Camp  San.  Engr.,  Camp 
Pike,  Ark. 

Bass,  Frbdbrick  H.  July  18,  1907 

429  Union  St.,  Minneapolis,  Minn. 

Babsrtt,  Carrol  P.,  C.E.  July  10, 1906 

Treas.  Commonwealth  Water  &  Lt.  Co.,  Sum- 
mit, N.  J. 

Babsrtt,  Gborgb  B.,  C.E.  June  15, 1896 

691  W.  Ferry  St.,  Buffalo,  N.  Y. 

Batchbldbr,  Gborgb  W.  May  12,  1914 

Water  Comnr.,  19  City  Hall,  Worcester,  Mass. 

Baton.  Warrbn  U.  C.  July  18, 1907 

Chief  Analyst,  528  South  Lang  Ave.,  Pittsburgh,  Pa. 

Bauxrsisen.  R.  J..  M.E.  Aug.  24,  1915 

C.  P.  Brant  &  Co.,  710  Marquette  Bldg.,  Chicago,  III. 
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Batus,  John  R.  Oct.  26, 1915 

Chem.,  Baltimore  Filt.  Plant,  3402  Harford  Ave., 
Baltimore,  Md. 

Bbak,  Gborqb  L.,  C.E.  Dee.  29,  1918 

1729  N.  19th  St.,  PhUadelphia,  Pa. 

Bbardslby,  Josbph  C.  June  24,  1903 

P.  O.  Box  237,  Cleveland,  Ohio. 

Bbck,  F.  E.  May  14,  1916 

Chf.  Engr.,  Consolidated  Water  Co.,  Utica,  N.  Y. 

Bbdbll,  Jambs  May  12,  1908 

Supt.  Water  Works,  10  CrotonAve.,088ining,  N.Y. 

Bbitbr,  G.  C.  May  13,  1916 

Water  Supt.,  Carroll,  Iowa. 

Bbll,  David  V.  June  8,  1909 

Supt.  Water  Co.,  U.  P.  R.  R.  Co.,  325  N. 
Front  St.,  Rock  Springs,  Wyo. 

Bbmis,  Edward  W.  June  24,  1903 

City  Hall  Square  Bldg.,  Chicago,  111. 

Bbnnbtt,  a.  N.  Feb.  5,  1917 

Ist  Lieut.,  337th  F.  A.  R.  C,  Camp  Dodge,  la. 

Bennett,  C.  G.,  M.E.  Apr.  23,  1915 

State  Pub.  Util.  Comn.,  820  So.  7th  St.,  Springfield, 

Bbnzbnbbrg,  G.  H.  Apr.  18, 1888 

Cons.  Engr.,  1310  Wells  Bldg.,  Milwaukee,  Wis. 

Bbrgan,  Patrick  H.  Apr.  22,  1914 

Supt.  Works,  Mount  Union,  Pa. 

Bbrnhagbn,  Lewis  O.  Mch.  3,  1917 

Chem.  &  Asst.  Supt.  Filtn.  Plant,  1502  Second  Ave., 
South,  Minneapolis,  Minn. 

Berry,  Fred  D.  Mch.  26,  1918 

Secty.  Bd.  Water  Comrs.,  Hartford,  Conn. 

Bbrbt.J.  P.  May  26,  1896 

Supt.  Water  Works,  Waterloo,  Iowa. 

Bbttbs.  Chablbs  R.  June  18,  1901 

Chf.  Engr.  Queen  Co.  Water  Wks.,  Far  Rockaway, 

Betbr,  Albin  H.,  C.E.  June  8,  1916 

Assoc,    in   Civ.   Eng.,   Columbia   University,    New 
York,  N.  Y. 

Biggs,  George  W.,  Jr.  June  2,  1916 

Chf.   Engr.   Amer.  Water  Wks.   &  Elect.   Co.,  50 
Broad  St.,  New  York,  N.  Y. 
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BiRDSALL,  Lewis  I.  June  24,  1913 

Supt.  of  Filt.,  Minneapolis,  Minn. 

BiRKiNBiNB,  Carl  P.  May  24,  1914 

Hyd.  Engr.,  Parkway  Bldg.,  Philadelphia,  Pa. 

Bishop,  Wbslbt  Apr.  4,  1916 

Genl.  Supt.,  Township  of  Chester  Water  Dept., 
Moorestown,  N.  J. 

Bishop,  William  May  12,  1908 

Doylestown,  Bucks  Co.,  Pa. 

BrraooD,  Frbdbrick  C,  M.E.  June  10,  1911 

1308  Traction  Bldg.,  Cincinnati,  Ohio. 

BiXBT,  Madeleine  (Miss)  Feb.  11,  1917 

Chemist,  70  Pleasant  St.,  North  Andover,  Mass. 

Black,  Ernest  B.  June  24,  1913 

Capt.  Aviation  Sec.  Sig.  Corp.,  Act.  Eng.  War  Credits 
Bd..  Washington,  D.  C. 

Black,  Gurdon  G.  May  8,  1915 

Maj .  314th  Eng.  Sappers,  Am.  Exp.  Forces,  France. 

Blair,  McCrea  Parker  *        Apr.  7, 1910 

Capt.    Comndg.    Co.   C,    No.    1    Depot   Battalion, 
Minto  Barracks,  Manitoba. 

Blake,  C.  H.  M.  July  10, 1906 

Calle  de  la  Reforma,  717  Guadalajara,  Mex. 

Blakeman,  S.  R.  Nov.  1,  1914 

Supt.  Water  &  Lt.  Dept.,  Dyersburg,  Tenn. 

Blakemore,  Robert  B.  May  14,  1915 

Comnr.  of  Water  &  Sewage,  Box  136,  Fargo,  N.  D. 

Blbistein,  Bernard  J.  May  7.  1918 

Asst.  Engr..  Dept.  W.  S.  G.  &  E.  of  N.  Y.  City,  240 
Jamaica  Ave.,  Long  Island  City,  N.  Y 

Blitbn,  Charles  H.  May  12,  1916 

Supt.  Norfolk  Co.  Water  Co.,  Norfolk,  Va. 

Bliven,  George  H.  .    July  18, 1917 

Supt.  R.  &  L.  O.  Wtr.  Co.,  440  Powers  Bldg., 
Rochester,  N.  Y. 

Blomquist,  H.  F.  Apr.  3,  1917 

City  Engineer,  City  Hall,  Mankato,  Minn. 

Blossom,  Francis  July  10,  1906 

Engr.  &  Contr.,  52  William  St.,  New  York,  N.  Y. 

BoARDMAN,  W.  H.,  C.E.  Sept.  7, 1893 

426  Walnut  St.,  Philadelphia,  Pa. 

BoBH,  W.  H.  May  16,  1900 

1214  Louden  Ave.,  Cincinnati.  Ohio. 
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BoGART,  John 

Com.  Engr.,  29  Broadway,  New  York,  N.  Y. 

BoHif  ANN,  Henry  P. 

Supt.  Water  Works,  Milwaukee,  Wis. 

Bolling,  Charles  E. 

City  Engineer,  Richmond,  Va. 

Booker.  Warren  H. 

c/o  State  Bd.  of  Health,  Raleigh,  N.  C. 

Booth,  L.  M. 

Prest.  Booth  Chemical  Co.,  P.  O.  Box  203,  Elizabeth, 
N.J. 

Booth,  William  Miller 

Chem.  Engr.,  Dillaye  Bldg.,  Syracuse,  N.  Y. 

Borden,  Moro  M. 

310  Lees  Ave.,  Collingswood,  N.  J. 

BouTELLE,  George  K. 

Treas,  Kennebec  Water  Dist.,  Waterville,  Me. 

BowKER,  Charles  L. 

Supt.  Bnmswick  &  Topsham  Water  Dist.,  Bruns- 
wick, Me. 

Bowles,  James  Ten  Broeck 

Lieut.-Col.  San.  Corps,  Am.  Exp.  Forces,  France 

Bownb,  Wiluam  E. 

Eng.  in  Chge.  Pumping  Stn.,  Dept.  W.  S.  G.  &  E., 
Bellemore  L.  I. 

Boyd,  M.  M. 

Supt.  Water  Works,  Spartanburg,  S.  C. 

BoTLE,  Edward  Charles 

Genl.  Supr.  of  Filtn.,  E.  I.  du  Pont  de  Nemours  & 
Co.,  City  Point,  Va. 


Bradley,  Edgar  Joseph 

les.  E  

Aust] 


Res.  EnflT.,  Millbrook  Water  Works,  Millbrook,  S. 
;ralia. 


Brandli,  H.  E. 

Treas.  &  Gen.  Mgr.  Citizens  Gas,  Elect.  &  Heating 
Co.,  Mt.  Vernon,  111. 

Brbidenbach,  E.  H. 

Mgr.  &  Supt.  Owensboro  Municipal  Elect.  &  Water 
Softening  &  Purifying  Plants,  Owensboro,  Ky. 

Brbitzke,  Charles  F. 

San.  Engr.,  Jersey  City  Water  Wks.,  Boon  ton,  N.  J. 

Bbennan,  B.  C. 

Capt.  Engr.  Corps,  Am.  Exp.  Forces,  France 


27 
May  18,  1892 

June  24,  1918 

Apr.  15,  1891 

June  4,  1912 

May  12,  1914 

June  8, 1909 

June  4,  1912 

May  12,  1908 

June  10,  1906 

June  8, 1909 
May  30,  1916 

May  10,  1917 
Apr.  14,  1916 

June  24,  1918 

Apr.  21,  1916 

June  24, 1912 

June  10, 1911 
June  24,  1918 
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Bbickbb,  R.  p.  Not.  23,  1915 

Frest.  Shelby  Water  Co.,  Shelby,  Ohio. 

Briqhtican,  Horacb  I.  June  11, 19Q2 

Prest.  Staten  Island  Water  Supply  Co.,  115  Broad- 
way, New  York,  N.  Y. 

Britton,  Gut,  C.E.  Deo.  1,  1913 

160  Nassau  St.,  New  York,  N.  Y. 

Bbooks,  Jambb  E.  Oet.  16,  1914 

Prest.  James  E.  Brooks  Co.,  Supt.  Water  Dept., 
Glen  Ridge,  N.  J. 

Brooks,  John  N.,  C.E.  June  24,  1913 

Douglaston,  N.  Y. 

Brossicann,  Charles  Apr.  4,  1916 

Cons.  Engr..  1616  Merchants  Bk.  Bldg.,  Indian- 
apolis, Ina. 

Browbr,  Irying  C.  Aug.  24,  1915 

Comnr.  of  Pub.  Wks.,  Evanston,  lU. 

Brown;  C.  Arthur  *  June  27, 1905 

San.  Eng.,  West  Erie  Ave.,  R.  F.  D.  2,  Lorain,  O. 

Brown,  C.  D.  Oct.  16,  1916 

Mgr.  Walkerville  Water  Co.,  Walkerville,  Ontario. 

Brown,  Calvin  S.  Mch.  15,  1882 

The  Belvedere,  Toledo,  Ohio. 

Brown,  Charlsb  Carroll  May  12,  1906 

Cons.  Engr.,  304  E.  Walnut  St.,  Bloomington,  111. 

Brown,  Horacb  A.,  C.E.  June  10, 1911 

City  Engr.  &  Supt.  Water  Wks.,  Ottumwa,  Iowa. 

Brown,  Rabsslas  W.  Apr.  4,  1916 

Co  A,  112th  U.  S.  Inf.,  Camp  Hancock,  Ga. 

Brown,  Robert  H.  May  12,  1908 

Capt.  San.  Corps,  N.  A.,  Camp  A.  A.  Humphreys,  Va. 

Brown,  Walter  I.  Oct.  31, 1914 

City  Hall,  Bangor,  Me. 

Brua,  E.  G.  May  12, 1906 

Drawer  F,  Bartlesville,  Okla. 

Bruce,  T.  E.  Apr.  3, 1917 

Supt.  Water  Co.,  Tupper  Lake,  N.  Y. 

Brush.  William  W.  June  10, 1911 

Depty.  Ch.  Engr.,  Dept.  W.   8.,  G.   &  E., 
Municipal  Bldg.,  New  York,  N.  Y. 

Brtson,  G.  H.,  C.E.  July  18, 1907 

Brockville,  Ont.,  Canada. 
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Buck,  Wiluam  H.  Mch.  2,  1916 

Engr.  &  Supt.  Constr.,  Riverton  &  Palmyra  Water 
Co.,  Riverton,  N.  J. 

BuDBLMAN,  Gbobgv  A.  Mch.  2S,  1914 

Aflst.  Engr.,  Whitney  Ave.,  Elmhurst,  L.  I.,  N.  Y. 

BuBBGBB,  Ghablxb  B.,  G.E.  Mch.  28,  1914 

c/o  Atlantic  Refining  Ck>.,  Philadelphia,  Pa. 

BuLKBLBT,  OscAB  E.  June  24,  1913 

Power  Dept.  Dn  Pont  Eng.  Co.,  Nashville,  Tenn. 

Bull,  Ibving  C.  June  8, 1906 

Analytical  &  Cons.  Chem.,  100  Maiden   Lane,  New 
York,  N.  Y. 

BuNXBB,  Gbobgb  Ctbus  July  10. 1906 

Balboa  Heights,  C.  Z. 

Bunting,  P.  G.  Feb.  8,  1916 

Mgr.  City  Pt.  Water  Co.,  Box  11,  Petersburg,  Va. 

BuBDiCK,  Chablbb  B.  July  18,  1907 

Hyd.  &  San.  Engr.,  1417  Hartford  Bldg.,  Chicago, 

Bubgbss,  Phiup  June  10, 1911 

Hyd.  Engr.,  828  Columbus  Sav.  &  Trust  Bldg., 
Columbus,  Ohio. 

BuBNBTT,  M.  Apr.  17, 1889 

Supt.  Water  Works,  Paducah,  Ky. 

BuBNiB,  Abthub  N.  Mch.  27,  1916 

AjBst.  Supt.  Biddeford  &  Saco  Water  Co., 
Biddeford,  Me. 

BuBNS,  Clinton  S.  April  27, 1910 

Cons.  Hyd.  Engr.,  402  Interstate  Bldg.,  Kansas 
City,  Mo. 

BuBNS,  T.  W.  June  27, 1906 

City  Engr.  &  Supt.  Water  Works,  Fairbury,  III. 

'  BuswBLL,  A.  M.  May  10,  1916 

Lieut.  San.  Div.  Med.  Corps,  Am.  Exp.  Forces,  France. 

BuTLBB,  Jambb  S.  June  10, 1911 

Supt.  Pub.  Serv.  Comn.,  Yasoo  City,  Miss. 

BuTTBNHBiii,  Habold  S.  Jubo  24,  1913 

Ed.  The  American  City,  154  Nassau  St.,  New  York, 

N.  Y. 

BuBSBLL,  RoTAL  S.  June  27, 1917 

Chem.,  Supt.  Filtn.,  726  East  Court  St.,   Flint, 
Mich. 

Caibd,  Jambs  M.  May  16,  1900 

Chemist  &  Bact.,  271  River  St.,  Troy,  N.  Y. 
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Caldwbll.  Jambs  H.,  C.E.  July  10, 1906 

56  First  St.,  Troy,  N.  Y. 

Calkins,  Willis  N.  June  11, 1003 

2200  Harriet  Ave.,  Minneapolis,  Minn. 

Calto.  Abtubo  R.  Apr.  14,  1016 

Mgr.  of  Sales.  The  Permutit  Co.,  440  Fourth  Ave.,  New 
York,  N.  i. 

Cambbon,  Archibald  Prbston  June  4, 1012 

10  CliTe  St.,  Calcutta,  India. 

Campbell,  C.  B.  May  4,  1015 

Supt.  Bureau  of  Water,  Altoona,  Pa. 

Campbbll,  Gbobgb  a.  June  24,  1018 

P.  O.  Box  805,  Reno,  Nev. 

Cafpblbn,  F.  W.  Sept.  7, 1808 

City  Engr.,  2120  Girard  Ave.,  Minneapolis, Minn. 

Cablin,  Philip  Apr.  15, 1801 

Supt.  Water  Works,  Sioux  City,  Iowa. 

Oablislb,  Chablbs  C.  Apr.  27,  1010 

Cons.  Engr.,  212  First  Natl.  Bk.  Bldg.,  Cheyenne, 
Wyo. 

Cabb,  J.  A.  May  3,  1016 

Corp.  Aviation  Sect.,  Signal  Corps,  Amer.  Exp.  Forces, 
France. 

Cabboll,  EuGBNB  June  7, 1004 

V.-mst.  &  Mgr.  Water  Wks.,  Butte,  Mont. 

Cabstein,  Lorbnz  W.  F.  May  8,  1015 

Supt.  Long  Beach  Water  Co.,  Long  Beach,  N.  Y. 

Cabtbb,  C.  D.  July  10, 1006 

Supt.  Water  A  Sewage  Dept.,  Charlottesville,  Va. 

Cabb,  R.  E).  June  0,  1016 

Ensign  Naval  Reserve,  New  London,  Conn. 

Cabtlb,  Qbobgb  J.    *  Nov.  24,  1014 

Supt.  &  Secty.,  CarlinviUe  Wtr.  Sup.  Co.,  Car- 
Imville,  lU. 

Cabton,  D.  L.  June  8,  1016 

Supt.  Water  Works,  Commerce,  Ga. 

Catchpolb,  C.  T.  June  10, 1011 

Asst.  Genl.  Mgr.  The  Denver  Union  Water  Co., 
P.O.  Box  620,  Denver,  Colo. 

Catlbtt,  Gbobgb  F.  June  8,  1016 

Capt.  San.  Corps,  Am.  Exp.  Forces,  France 


Digitized  by  VjOOQIC 


AMBBIGAN  WATBB  W0BK8  ASSOCIATION  31 

Catallibb,  O,  C.E.  Nov.  1,  1916 

62  Rue  Goumartin,  Paris,  France. 

Chamot,  E.  M.  Apr.  10,  1016 

Prof.  San.  ChemiBtry,    Cornell  UniverBityy    Ithaca, 

Champs,  Gsobgs,  C.E.  June  24,  lOlS 

610  Nasby  Bld^.,  Toledo,  Ohio. 

Champion,  R.  B.  Moh.  28, 1014 

Box  67,  Chester,  Pa. 

Chapman,  L.  H.  June  26,  1918 

Comnr.  Water  &  light,  Kfmsas  City,  Elans. 

Chass,  Chablbs  p.,  C.  E.  '   Sept.  12, 1016 

123  Sixth  Ave.,  Clinton,  la. 

Crxnbt,  J.  Y.  May  1, 1017 

2nd  Lieut.  Co.  D.,  17th  Inf.,  Tampa,  Bla. 

Chsbctb,  Chablbs  E.,  C.E.  Dec.  18, 1018 

Mgr.  City  Water  Co..  Shelbyville,  111. 

OnsTBB.  J.  N.,  H.f&  M.E.  June  10, 1011 

Umon  Bk.  Blc^.,  Pittsburgh,  Pa. 

Childs,  J.  A.  Feb.  24, 1017 

Engr.  State  Bd.  of  Health,  1088  Summit  Ave.,  St. 
Paul,  Minn. 

Chiplbt,  Dttdlbt  Apr.  15, 1017 

Engr.  h  Supt.  Columbus  Water  Wks.,  P.  O.  Box 
854,  Columbus,  Ga. 

Chipman,  Wilijs,  C.E.  April  18, 1888 

103  Bay  St.,  Toronto,  Ont.,  Canada. 

Cbibham,  J.  M.  June  11, 1002 

Supt.  Water  Co.,  Atchison,  Kan. 

Chbistxb,  J.  O.  C,  C.E.  Nov.  10, 1014 

Lieut.  505  Aero  Squadron,  Camp  Greene,  Charlotte, 

N.  C. 

Claibobnb,  Hbbbbbt  a.  May  10, 1917 

Lieut.  485th  Aero.  Squad.  Am.  Exp.  Forces. 

CuLNCT,  Lbbtbb  J.  May  0,  1015 

Supt.  Stfl».  Yd.,  Bd.  of  Water  Comnrs.,  720  Canton 
Ave.,  Detroit,  Mich. 

Clajuc,  H.  W.  May  20, 1806 

Pres.  k  Gen.  Mgr.  Qear  Water  Co.,  Mattoon,  111. 

CX«ABK,  RiCHABD  JUHS  27,  1006 

Supt.  Water  Wks.,  Merritton,  Ont. 
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Clark,  Wiluam  H.  June  1,  1917 

Supt.  Water  Wkg.,  Avon,  N.  Y. 

Clabks,  David  Dbxtbb,  Nov.  1,  1914 

Gh.  Engr.  Bur.  of  Water  Wks.,  Portland,  Ore. 

CidLTTON,  R.  M.  Apr.  15, 1881 

Cons.  Engr.,  112  Hurt  St.,  Atlanta,  Ga. 

Clbmm ITT,  RoBBBT  L.  Apr.  27, 1010 

9625  Springdale  Ave.,  Baltimore,  Md. 

CuBVBBDON,  Walter  S.  L.  Apr.  4,  1916 

Aflst.  Engr^  Dept.  W.  S.  G.  &  E.,  2323  Loring  Place, 
Bronx,  New  York,  N.  Y. 

CLirroN,  Chablbs  Elmbr  Apr.  27, 1910 

Chemist,  271  River  St.,  Troy,  N.  Y. 

Clinkenbeard,  John  F.  Oct.  23,  1917 

Water  Com.,  Missouri  Valley,  la. 

Cobb,  Charlbb  H.  June  7, 1904 

Supt.  Water  Wks.,  Kankakee,  111. 

CoBLBiQH.  W.  M.  Dec.  29,  1918 

Prof,  of  Chemistry,  Montana  State  College,  Boie- 
man,  Mont. 

Coqgeshall^.  C.  p.  Dec.  30,  1914 

Supt.  Water  Wks.,  New  Bedford,  Mass. 

CoLB.  Edwabd  S.  June  11, 1902 

Prest.  The  Pitometer  Co.,  25  Elm  St.,  New  York, 

N.Y. 

CoLEHOUB,  R.  A.  June  24,  1918 

Asst.  Water  Engr.,  3517  Du  Pont  Ave.,  South,  Min- 
neapolis, Minn. 

CoLLiNB,  F.  W.  May  19,  1916 

Supt.  Water  Wks.,  Box  258,  Manistee,  Mich. 

CoNANT,  E.  R.  May  1,  1917 

Ch.  Engr.,  City  of  Savannah,  Savannah,  Ga. 

CoNABD,  W.  R.  June  7, 1904 

Sav.  Inst.  Bldg.,  Burlington,  N.  J. 

CoNNOB,  F.  J.  May  16, 1900 

Supt.  Water  Wks.,  Sioux  Falls,  S.  Dak. 

CoNNOB,  ViBQiL  R.  May  12, 1906 

Trustee  Kennebec  Water  Dist.,  Fairfield,  Me. 

CoNBAD,  L.  E.  May  14,  1915 

Prof.  Civil  A  ffighway  Engrg.,  317  N.  17th  St.,  Man- 
hattan,  Kans. 


Digitized  by  VjOOQIC 


AMBBICAN  WATBB  WORKS  ASBOCIATION  33 

CoNYBRSE,  William  A.  June  8,  '909 

Chemist,  McGormick  Bldg.,  Chicago,  111. 

Conway,  G.  R.  G.  June  8, 1909 

The  Mexican  Lt.  &  Power  Co.,  18  Manning 
Arcade,  Toronto,  Ont.,  Can. 

Cook,  Hobacb  J.,  C.E.  Feb.  11,  1917 

Asst.  Engr.  Kennebec  Water  Diet.,  14  Burleigh 
St.,  WatenriUe,  Me. 

Cook,  John  H.  July  10, 1906 

Hyd.  Engr.  East  Jersey  Water  Co.,  168  Ellison  St., 
Paterson,  N.  J. 

Cooper,  Geobgb  F.  May  12,  1914 

Secty.  &  Treas.  Water  Works,  Xenia,  Ohio. 

CooPEB,  Samuel  W.  May  12,  1914 

C.  &  Hyd.  Engr.,  Lewistown,  Pa. 

CoppocK,  William  June  24,  1913 

Board  of  Trustees,  Council  Bluffs,  Iowa. 

CoBBiN,  Clement  K.  May  12, 1908 

Prest.  Bergen  Water  Co.,  243  Washington    St., 
Jersey  City,  N.  J. 

CoBBiN,  H.  E.  Apr.  16,  1914 

Contractor,  30  Church  St.,  New  York,  N.  Y. 

CoBiN,  Magnus  F.  Apr.  27, 1910 

Chemist,  511  Hansberry  St.,  Gennantown,  Pa. 

Cobb,  Andbbw  S.  June  27, 1905 

Inspector,  350  Thomas  St.,  Phillipsburg,  N.  J. 

Cosoullubla,  Juan  Antonio  June  24,  1918 

Calle  de  Obispo  54,  Havana,  Cuba. 

CoTHBAN,  Thomas  W.,  C.E.  June  4, 1913 

114  Blake  St.,  Greenwood,  S.  C. 

CouLT,  F.  H.  Oct.  23, 1914 

Cons.  Engr.,  5112  Rajrmond  Ave.,  St.,  Louis,  Mo. 

CouuPBB,  Waldo  S.  Dec.  6,  1916 

Cons.  Engr.,  114  Liberty  St.,  New  York,  N.  Y. 

Cowan,  John  D.  Apr.  14,  1916 

City  Water  Comnr.,  Waukon,  Iowa. 

Cox,  HoMBB  F.  May  12,  1914 

Ch.  Engr.  Scranton  Gas  &  Water  Co.,  430  Colfax 
Ave.,  Scranton,  Pa. 

Coze,  Wiluam  G.  Apr.  14,  1916 

Water  Comnr.,  1005  Broome  St.,  Wilmington,  Del. 
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Cbambb,  W.  S.  May  12, 1906 

Ghf.  £^.,  Water  Wks.  Co.,  P.  O.  Box  42,  Lexing-  . 
ton,  Ky. 

Crane,  Hon.  Abthxtb  M.  May  7,  1918 

Mayor,  Roselle  Park,  N.  J. 

Cbane,  Jacob  L.,  Jb.  Nov  12,  1917 

San.  Engr.,  204  Locust  St.,  HarriBburg,  Pa. 

Cbichton,  Andbbw  B.  Apr.  21,  1915 

Seoty.  &  Treas.  Portage  Water  Co.,  Johnstown,  Pa. 

Cbippb,  Gbobgb  E.  June  8»  1909 

Supt.  Water  Works   Repair  Dept.,  18  Ea^e  St., 
Rochester,  N.  Y. 

Cboll,  Emil  a.  Sept.  7, 1808 

Supt.  Water  Wks.,  Iron  Mountain,  Kfich. 

Cboxbn,  C.  a.  _  _  ^^^-  ^  1^1^ 

>t.  Taxpayers  Municipal  Water 
lontgomery  St.,  Creeton,  Iowa. 


Cboubr,  Rat  Apr.  21,  1915 

Engr.  &  Supt.  Peoria  Water  Wks.,  Peoria,  111. 


Cuddbback,  Allan  W.  June  7, 1904 

Engr.  &  Supt.  Passaic  Water  Co.,   158  Ellison  St., 
Paterson,  M.  J. 

CuLTBB,  Thubston  C.  June  26,  1916 

Engr.  Eastern  Watershed  Div.,  Dept.  W.  S.  O.  & 
E.,  City  of  N.  Y.,  Purdy  Station,  N.  Y. 

Cummin,  Gatlobd  C,  C.E.  June  4, 1912 

City  Mgr.,  Grand  Rapids,  Mich. 

Cubban.  H.  C.  May  12,  1914 

Supt.  Water  Works,  Waterford,  N.  Y. 

CuTTS,  FBANas  T.  June  15,  1914 

Asst.  Water  Comnr.,  34  East  Grand  Ave.,  St.  Louis, 
Mo. 

Daggbtt,  Fbbd  W.  Jan.  28.  1916 

Supt.  Filtn.  Plant,  Trenton,  N.  J. 

Daily,  Cobnelius  M.  Apr.  16,  1918 

Engr.  in  Ch^.  Sup.  &  Purif.  Sect.  St.  Louis  Water 
Dept.,  St.  Louis,  Mo. 

Dalltn,  F.  a.,  C.E.  Deo.  18, 1918 

Prov.  San.  Engr.,  137  Geoffrey  St.,  Toronto,Ont. 

Danibls,  Francis  E.  Sept.  18, 191u 

Capt.  San.  Corps,  Camp  Lee,  Petersburg,  Va. 

Dapfbbt,  Jambs  W.,  C.E.  Oct.  28, 1914 

Lock  Box  141,  TaylorriUe,  111. 
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Davidson,  Geobqb  M.  Apr.  19,  1915 

Chem.  A  Emt.  of  TeaU,  C.  A  N.  W.  Ry.  Shops, 
Chicago,  111. 

Dayis,  Cablbton  £.  June  24,  1918 

Chief,  Bureau  of  Water,  Philadelphia,  Pa. 

Davis.  E.  E.  May  12, 1908 

Supt.  Water  Works  Dept.,  Richmond,  Va. 

Davis,  Frank  J.  May  13,  1916 

Supt.  Ansonia  Water  Co.,  100  Main  St.,  Ansonia, 
Conn. 

Davisson,  W.  C.  June  4, 1912 

V.-Prest.  A  Treas^  W.  Va.  Water  A  Electric  Co., 
Charleston,  W.  Va. 

Daw,  Lawrsncb  May  13,  1916 

Ch.  Engr.  Underwriters  Assn.  of  N.  Y.,  700  Gumey 
Bldg.,  Syracuse,  N.  Y. 

Dawson,  R.  C.  June  8,  1916 

Supt.  Water  Dept.,  City  Hall,  Bay  City,  Mich. 

Dat,  Lsonabd  a.  Apr.  4,  1917 

^h.  Mech.  Enp.  Op.  Sect.,  "'      *"     

Qreer  Ave.,  Bt.  Louis,  Mo. 


DbBbbabd,  W.  W.  June  4, 1917 

Western  Ed.  Engineering  News'Becord,  1570  Old  Colony 
Bldg.,  Chicago,  111. 

Dbcksr.  a.  Cunton  June  15, 1916 

Chem.  Bact.  A  San.  Engr.,  P.  O.  Box  790,  Binning- 
ham,  Ala. 

Dmczmn,  John  H.  July  18, 1907 

Bartlett  Bldg.,  Atlantic  City,  N.  J. 

Dbnman,  Abthxtb  R.  June  8, 1909 

Bd.   Street  A  Water    Comnrs.,    790    Broad    St., 
Newark,  N.  J. 

Dbnman,  Charlxs  Sing  Dec.  22,  1915 

Gc^l.  Mgr.  Des  Moines  Water  Co.,  Des  Moines, 
Iowa. 

Dbnnstt  Robsbt  C.  May  12, 1914 

Hyd.  Engr.,   Natl.  Bd.  Fire  Underwriters,  76 
William  St.,  New  York,  N.  Y. 

DsssBBT,  Flotd  G.  Apr.  27, 1910 

Civil  A  Hyd.  Engr.,  511-514  Central  Bldg.,  Los 
Angeles,  Cal.  / 

dsVabona,  I.  M.  June  4, 1912 

805  St.  Nicholas  Ave.,  New  York,  N.  Y. 

Dbwbt,  Alvin  H.  June  4,  1912 

V.-Prest.  A  Genl.  Mgr.  R.  A  L.  O.  W.  Co., 
440  Powers  Bldg.,  Rochester,  N.  Y. 
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Dbvinb,  William  J.,  C.E.  July  18, 1W7 

Supt.,  Ambler  Spring  Water  CJo.,  Ambler,  Pa. 

Dill,  H.  A.  May  16, 1900 

Supt.  Water  Works,  Richmond,  Ind. 

DiTTOB,  W.  H.  Mch.  28,  1914 

Ch.  Engr.  State  Dept.  of  Health,  Ck)lumbu8,  Ohio. 

DiTSN,  J.  M.  Apr.  16, 1884 

Supt.  Water  Works,  Troy.  N.  Y. 

DiTSN,  J.  M.,  Jb.,  C.E.  June  4,  1918 

2nd  Lieut.  U.  S.  O.  R.,  Edgewood  Arsenal,  Edgewood, 
Md. 

DooKWsiLBB,  John  H.,  C.E.  May  12, 1906 

624-5  Crocker  Bldg.,  San  Francisco,  Cal. 

DoMAN,  Joseph  May  1,  1917 

Asst.  Engr.  State  Bd.  of  Health,  102  C.  E.  Bldg., 
Berkeley,  Cal. 

DoNAHUB,  J.  P.  Apr.  16, 1884 

Secty.  A  Treas.  Water  Co.,  Davenport,  Iowa. 

Donaldson,  Wellington  Apr.  27, 1910 

Amer.  Water  Wks.  &  Elect.  Co.,  50  Broad  St., 
New  York,  N.  Y. 

DoNNAN,  Alvan  July  18, 1907 

Secty.  Wa3mesburg  Water  Co.,  Washington,  Pa. 

Donnelly,  Richabd  J.  May  10,  1917 

San.  Engr.,  515  West  156th  St.,  New  York,  N.  Y. 

DoRWAT,  C.  M.  May  10,  1917 

Supt.  Water  Works,  Eveleth,  Minn. 

DoTBN,  Leonard  S.  Oct.  23,  1914 

Major  Q.  M.  C,  N.  A.,  Constr.  Div.,  1714  Euclid 
St..  N.  W.,  Washington,  D.  C. 

DowNBs,  John  R.  July  10, 1906 

Green  Brook  Park,  Bound  Brook,  N.  J. 

Dbakb.  Dr.  C.  St.  Clair  Jan.  15,  1916 

Secty.  State  Bd.  of  Health,  Springfield,  111. 

Dbakb,  Chbstbb  F.  Apr.  27, 1910 

Diy.  Supt.  Pittsburgh  Filtn.  Plant,  Aspinwall,  Pa. 

Drake,  William  O.  May  1, 1917 

City  Engr.,  Supt.  Pub.  Wks.,  City  Hall,  Corning, 

Drbw,  John  A.  May  1,  1917 

Prest.  Castle  Heights  Water  Co.,  90  West  St.,  New 
York,  N.  Y. 
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DxTQQAN,  Thomas  R.,  Ph.D.,  F.I.C.  Deo.  18, 1018 

Chemists  Club,  52  E.  41st  St.,  New  York,  N.  Y. 

DuMouuN,  W.  L.  June  10,  IWl 

New  Cornelia  Copper  Co.,  A  jo,  Arizona 

DxTNCANSON,  Abchib  Vail  July  16,  1917 

City  £ngr.'s  Office,  Minneapolis,  Minn. 

Dunham,  H.  F..  C.E.  Apr.  16, 1884 

149  Broadway,  New  York,  N.  Y. 

Dunlap,  Frbd  C.  May  12, 1908 

Cons.  Engr.,  Oak  Lane,  Philadelphia,  Pa. 

Dunlap,  John  H.  Oct.  23, 1914 

Asst.  Prof.  Hyd.  &  San.  Engrg.,  State  Univ.  of  Iowa, 
Iowa  City,  Iowa. 

Dunwoodt,  J.  H.  June  24,  1918 

Chemist  Water  Dept.,  Erie,  Pa. 

Dubland,  Smith  N.  Jan.  27, 1914 

Cashier  Queens  Co.  Water  Co.,  15  John  St.,  Far 
Rockaway,  N.  Y. 

DuBST,  J.  Arthub,  M.E.  May  12, 1914 

112  N  Broad  St.,  Philadelphia,  Pa. 

Dusinberrb,  Qeobqb  B.  Nov.  17,  1916 

Major  0.  R.  C,  7th  &  B  Sts.,  Washington,  D.  C. 

DuTTON,  Mabshall  S.  Dec.  22,  1915 

E.  St.  L.  &  Interurban  Water  Co.,  513  Missouri  Ave., 
East  St.  Louis,  111. 

Dwtbb,  Cobnbuub  Oct.  16,  1914 

18  Chuctanunda  St.,  Amsterdam,  N.  Y. 

Eabl,  Geobqib  Goodbll  July  18, 1907 

Gen.  Sup.  Sewerage  &  Water  Bd.,  502  City  Hall 
Annex,  New  Orleans,  La. 


Eabl,  Ralph June  13,  1916 

1.  Engr.,  c/o    ' 
etroit,  Mich. 


Hyd.  Engr.,  c/o  Chas.  W.  Tarr,  110  Henry  St., 
Det    •     ^"  ' 


Eabtbbunq,  R.  a.  Mch  28,  1914 

Supt.  Elect.  Lt.  &  Water  Wks,  Union,  S.  C. 

Eastwood,  John  Thompson  June  8, 1909 

Prin.  Asst.  Engr.  Sewer  &  Water  Bd.,  City  Hall 
Annex,  New  Orleans,  La. 

Edwabdb,  William  R.  Apr.  16,  1914 

Asst.  Supt.  Passaic   Water  Co.,  156  Ellison  St., 
Paterson,  N.  J. 

EoLOP,  John  Hbnbt,  C.E.  June  4, 1912 

2216 13th  St.,  Troy,  N.  Y. 
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ELDBBDQBy  GlTT 

Chem.  Supt.  of  Filtn.,  920  Foumier  St.,  Ft.  Worth, 
Tex. 

Eldridqb,  H.  D. 

Treas.  Princeton  Water  Wks.,  Princeton,  N.  J. 

Elliott,  G.  A. 

Engr.  Spring  Valley  Water  Co.,  1270  Sacramento 
St.,  San  FranoiBCO,  Cal. 

Eluott,  Robsbt 

Water  Comnr.,  Nashville,  Tenn. 

Ellis,  Gbobos  R. 

11  South  LaSalle  St.,  Chicago,  HI. 

Ellbwobth,  Habbt 

Supt.  Water  &  Lt.  Dept.,  Meadville,  Pa. 

Elbod,  Hbnrt  E. 

Cons.  Engr.,  Interurban  Bldg.,  Dallas,  Tex. 

Elt,  Howabd  M* 

Supt.  Water  Co.,  Danville,  111. 

Embbson,  C.  a.,  Jb. 

Act.  Ch.  Engr.,  State  Dept.  of  Health, 
Harrisburg,  Pa. 

Enqeb,  M.  L. 

Asst.   Prof.   Theoret.   &  App.  Meoh.,  Univ.  of 
Illinois,  Urbana,  111. 

Enqh,  Habbt  Mabius 

Civil  &  Appraisal  Engr.,  American  Appraisal  Co., 
Milwaukee,  Wis. 

England,  R.  G.,  C.E. 

Fargo  Engineering  Co.,  304  Commonwealth  Bldg., 
Jackson,  Mich. 

Engub,  S.  G. 

City  Chemist,  664  Connecticut  St.,  Gary,  Ind. 

Eno,  F.  H.,  C.E. 

Ohio  State  Univ.,  Columbus,  Ohio. 

Enslow,  Linn  Harbison 

Chem.  Filter  Plant,  Spartanburg,  S.  C. 

Ebicson,  John  E. 

848  Lakeside  Place,  Chicago,  111. 

Ebvast,  Andbbw,  C.E. 

Union  Bldg.,  San  Diego,  Cal. 

Etntbb,  S.  L. 

Supt.  Water  Works,  Council  Bluffs,  la. 


Deo.  20,  lOlS 

Apr.  14,  1016 
May  14,  1015 

Apr.  22, 1014 
July  18, 1007 
July  18, 1007 
Mch.  1,  1016 
June  8,  1000 
May  12, 1008 

Apr.  23,  1015 

Mch.  27,  1016 

Sept.  10,  1014 

Nov.  10, 1014 
Dec.  1, 1018 

Aug.  12,  1918 
June  7, 1887 

May  12, 1008 

May  14,  1015 
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Etibl,  Georqb  C.  June  8,  1916 

Analyst,  1101 12th  Ave.,  Rook  Island,  111. 

Eysrett,  Chester  M.  Mch.  14,  1016 

of  Hasen,  Whipple  &  Fuller,  30  £.  42d  St.,  New 
York,  N.  Y. 

Etbrbttb,  Dr.  Wilub  Eugene  Jan.  5, 1914 

Cons.  Teohn.,  3612  S.  Eleventh  St.,  Tacoma,  Wash. 

EviNQBR,  M.  I.  Apr.  27, 1910 

211  Securities  Building,  Des  Moines,  Iowa. 

EwiNG,  Jambs  June  24,  1913 

Hunter  Dist.  Water  Sup.  &  Sew.  Bd.,  Newcastle, 
N.  S.  W.,  Australia. 

Etmbr,  Herman  H.  June  4, 1912 

City  Engineer,  Saginaw,  Mich. 

Fai«lbr,  C.  June  8, 1909 

Supt.  Carlisle  Gas  &  Water  Co.,  Carlisle,  Penn. 

Farnsworth,  S.  A.  June  26,  1918 

Comnr.  of  Finance,  City  Hall,  St.  Paul,  Minn. 

Felix,  George  H.  Sept.  7, 1893 

138  N.  Ninth  Street,  Reading,  Pa. 

Fellows,  C.  L.  June  7, 1904 

Water  Wks.  Engr.,  39  Lowther  Ave.,  Toronto,  Can. 

Fbbebbb,  James  L.  Sept.  19,  1914 

Sew.  Comn.,  City  Hall,  Milwaukee,  Wis. 

Fbbgubon.  Harrt  Foster  Nov.  10, 1914 

1st  Lieut.  E.  R.  C,  A.  S.,  S.  O.  S.,  Am.  Exp.  Forces 

FBRGT7BON,  S.  F.  Jan.  12,  1916 

Cons.  Engr.,  100  WiUiam  St.,  New  York,  N.  Y. 

Filbert,  Wiluam  D.  Apr.  27,  1910 

Womelsdorf  Consol.  Water  Co.,  Womelsdorf,  Pa. 

FiMXLB,  F.  C.  June  24,  1912 

Cons.  Hyd.  Engr.,  449  I.  W.  HeUman  Bldg.,  Los 
Angeles,  Cal. 

FiscHBR,  Charles  H.  June  27,  1914 

Fire  Protection  Engr.,  2844  Hudson  Blvd.,  Jersey 
aty,  N.  J. 

FiSBEB,  E.  A.  June  4, 1912 

Cons.  Engr.,  Rochester,  N.  Y. 

Fisher.  E.  P.  May  14, 1916 

Supt.  London  Water  Wks.  Co.,  London,  Ohio. 

Fisher,  L.  A.  Jan.  27,  1914 

P.  O.  Box  198,  Concord,  N.  C. 
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FiTHiAN,  Frank  S.  Feb.  8,  1916 

Ch.  Clerk  Water  Dept.,  Qty  HaU,  Camden,  N.  J. 

FiTZPATRicK,  Jambs  R.,  C.E.  June  27, 1906 

Gen.  Mgr.  Grand  Rapids  Hydraulic  Co.,   Grand 
Rapids,  Mich. 

Flaa,  Ingwald  £.  May  14,  1916 

Aest.  Engr.   Spring  Valley  Water  Co.,  376  Sutter 
St.,  San  Francisco,  Cal. 

Flad,  Edward  July  23,  1916 

Pub.  Serv.  Comn.,  Jefferson  City,  Mo. 

Flanagan,  John  C.  June  24,  1918 

Secty.  Bd.  of  Water  Comnrs.,  St.  Paul,  Minn. 

Flatlbt.  Jambs  P.  June  8, 1909 

Supt.  Water  Co.,  Green  Bay,  Wis. 

Flbminq,  Virqil  R.  Apr.  14,  1915 

204  Lab.  App.  Mech.,  Urbana,  111. 

Flxnn,  Alfrbd  Douglas  Mch.  1,  1916 

Secty.  United  Eng.  Soc.,  901  Eng.  Soc.  Bldg.,  New 
York,  N.  Y. 

Fobrstbrling,  Dr.  Hans  June  12,  1916 

The  Abor  Farm,  Jamesburg,  N.  J. 

FoLWBLL,  A.  Prbscott  July  10, 1906 

York, 


Ed.  Municipal  Journal,   243   West  39th   St.,   New 
"    k,  N.  Y. 


Foss,  W.  E.  July  10, 1906 

Ch.  Engr.  Metropolitan  Water  Wks.,  1  Ashburton 
Place,  Boston,  Mass. 

FousHEE,  J.  G.  Apr.  30,  1917 

Comnr.  of  Pub.  Works,  Greensboro,  N.  C. 

Fowler,  Arthur  G.  Apr.  27, 1910 

Supt.  Water  Works.,  R.  F.  D.  No.  3,  Cumberland, 

FowLBR,  Edward  A.  Apr.  27, 1910 

Asst.  Enn*.  Sew.  &  Water  Bd.,  City  Hall  Annex, 
New  Orleans,  La. 

Fox,  Charles  L.  June  4, 1912 

Asst.  Supt.  Penna.  Water  Co.,  712  South  Ave.,  Wil- 
kinsburg.  Pa. 

Francis,  Walter  J.  Apr.  4,  1916 

Cons.  Engr.,  260  St.  James  St.,   Montreal,   Can. 

Frank,  Fred  W.  July  18, 1907 

Secty.  A  Mgr.,  Water  Wks.,  Brantford,  Ont.,  Can. 

Fredrick,  W.  Datton  May  12, 1914 

Bridgeton  Water  Works,  Bridgeton,  N.  J. 
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Fbbilinq,  Hbnrt  J.  May  12,  1914 

Asst.  Supt.  Water  Worksi  Hannibal,  Mo. 

Ebbnch,  D.  W.  May  29, 1896 

Supt.  Hackensack  Water  Co.,  P.O.  Box  98,  Wee- 
nawken,  N.  J. 

Frbnch.  DT7DLBT  K.  Feb.  25,  1914 

Cnem.,  Dearborn  Chemical  Co.,  2005  McCormick 
Bldg.,  Chicago,  111. 

Fbbnch,  E.  v.,  M.E.  July  10, 1906 

31  Milk  St.,  Boston,  Mass. 

Fbitzb,  L.  a.  Jan.  15,  1916 

1st  Lieut.  Field  Laboratory    42nd  Div.  Rainbow, 
Am.  Exp.  Forces,  France. 

FT7BRTES,  Jambs  H.  July  10, 1906 

Cons.  Engr.,  140  Nassau  St.,  New  York,  N.  Y. 

FuLLBR,  Frank  L.,  C.E.  July  10, 1906 

12  Pearl  St.,  Boston,  Mass. 

FiTLLUB,  Gborgb  W.  June  15, 1898 

Cons.  Engr.,  170  Broadway,  New  York,  N.  Y. 

FxJLLBR,  W.  A.  Oct.  14,  1914 

Cons.  Engr.,  1415  Chemical  Bldg.,  St.  Louis,  Mo. 

Fulton,  D.  F.  May  15, 1915 

City  Engr.,  City  Hall,  Yonkers,  N.  Y. 

Gaby,  Fredbrick  A.  Feb.  8,  1916 

Ch.  Engr.^  Hydro-Electric  Power  Co.,  of  Ont.,  190 
University  Ave.,  Toronto,  Ont.,  Can. 

Gadfibld,  C.  E.  June  8,  1916 

Supt.  Bd.  of  Pub.  Affairs,  Wellington,  Ohio. 

Gallaqhbr,  H.  a.  June  8, 1909 

Mgr.  Water  Co.,  Independence,  Mo. 

Garman,  H.  O.  May  30,  1916 

Ch.  Engr.  Ind.  Pub.  Util.  Comn.,  2062  N.  Meridian 
St.,  Indianapolis,  Ind. 

Gatbs,  H.  V.  June  7, 1904 

Prest.  Hillsboro  Power  &  Invest.  Co.,  Hillsboro,  Ore. 

Gaub,  John  Oct.  13,  1913 

Chem.  Engr.  Filtn.  Plant,  Washington,  D.  C. 

Gavbtt,  Weston  Nov.  10,  1914 

1st  Lieut.  S.  C,  Comdg.  San.  Squad  No.  1,  28th  Div., 
Camp  Hancock,  Ga. 

Gatnor,  Kbtbs  C.  May  7,  1917 

Cons.  Engr.,  405-6  Frances  Building,  Sioux  City,  la. 
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Gbab,  Patrick  June  24, 1913 

Supt.  Water  Dept.,  Holyoke,  Mass. 

Gblston,  W.  R.  July  18, 1W7 

Supt.  Water  Wks.  Quincy,  111. 

Qbrber.  Winfbbd  D.  Apr.  19,  1015 

Civil  &  San.  Engr.,  1611  Fargo  Ave.,  Chicago,  111. 

QsTTiNas,  M.  T.  June  8,  1904 

Supt.  Water  Works,  Monroe,  Wis. 

GiCLAS,  Eli  June  27. 1905 

Ch.  Engr.,  Ariz.  Lumber  A  Timber  Co.  Flagstaff, 
Aril. 

GiDBON,  Abbaham,  C.E,  June  8, 1909 

Ch.  Engr.,  Sewer  &  Water  Wks.  Constr.,  Manila, 
P.  I. 

Gilchrist,  Chablbs  B.  May  12, 1914 

Asst.  Supt.  Water  Wks.,  Newburgh,  N.  Y. 

GiLLBSPiB,  C.  G.  June  10, 1911 

Ch.  Engr.,  San.  Engrg.  Dept.  State  Bd.  Health,  C. 
E.  Bldg.,  Berkeley,  Cal. 

GiLif  AN,  Chablbs  Edwabd  June  4, 1912 

Cons.  Hyd.  Engr.,  851  Calmar  Ave.,  Oakland,  Cal. 

GocHNAUBB,  Habbt  W.  Nov.  1,  1916 

San.  Engr.,  Box  31,  Port  Edwards,  Wis. 

GoBNTNBR,  William  B.  June  8,  1909 

Supt.  McCabe  Chemical  Co.,  Charlotte,  N.  C. 

Goldsmith,  Clabencb  Dec.  27,  1915 

Major  Q.  M.  C,  N.  A..  Constr.  Div.,  7th  &  B  Sts., 
Washington,  D.  C. 

GooDBLL,  J.  M.,  H.E.  Apr.  27,  1885 

106  Loraine  Ave.,  Upper  Montclair,  N.  J. 

GooDBiCK,  E.  H.  May  5,  1917 

Supt.  Water  Wks.,  Fredericksburg,  Va. 

GoBDON,  T.  C.  Jan.  28,  1916 

Sectjr-Treas.,  Gen.  Mgr.  Water  Wks.,  Little  Falls, 
Mum. 

GoBB,  WiLUAM  May  30, 1916 

Cons.  Engr.,    John  ver  Mehr  Engrg.  Co.,  154 
Simcoe  St.,  Toronto,  Ont. 

GoBB,  M.  N.  June  26,  1918 

Comnr.  Pub.  Wks.,  City  Hall,  St.  Paul,  Minn. 

GouDBY,  Rat  F.  Apr.  30,  1918 

San.  Engr.,  2529  Hilgard  Ave.,  Berkeley,  Cal. 


Digitized  by  VjOOQIC 


AMERICAN   WATER  WORKS  ASSOCIATION  4«S 

Gould,  J.  W.  DuB.  Oct.  16, 1914 

30  Church  St.,  New  York,  N.  Y. 

Gkap,  August  V.  June  15, 1914 

Ch.  Chem.,  St.  Louis  Water  Wks.,  34  East  Grand 
Ave.,  St.  Louis,  Mo. 

Gbafp,  Georqb  W.  Dec.  22,  1916 

40th  Co.,  10th  Tr.  Btn.,  Camp  Lee,  Va. 

Graham,  Jambs  W.  June  4, 1912 

16  Casco  St.,  Portland,  Me. 

Grantham,  C.  M.  June  1,  1916 

Supt.  Water  Dept.,  Goldsboro,  N.  C. 

Grastt,  E.  C.  June  1,  1916 

Owner   and   Mgr.  Water,  Elect.  Lt.  &  Tel.  Co., 
Winkehnan,  Aris. 

Gray,  Percy  Dec  31,  1917 

Mgr.  Pumping  Plant,  Jefiferson,  la. 

Grayson,  Thbodorb  J.  June  23, 1917 

Prest.  N.  J.  Water  Serv.  Co.,  1327  Real  Est.  Trust 
Bldg.,  Philadelphia,  Pa. 

Gbbblby,  Samubl  a.  July  18, 1907 

Winnetka.  III. 

GrbIdn.  F.  W.  Dec.  22,  1916 

Supt.  Filtn.  &  Pumping,  Montclair  Water  Co.,  Little 
Falls,  N.  J. 

Grbsn.  Frbdbrick  May  12,  1914 

Supt.  Commonwealth  Water  &  Lt.  Co.,  47  Moun- 
tain Ave.,  Summit,  N.  J. 

Green,  Paul  Evanb  Apr.  14,  1916 

CivU  &  San.  Engr.,  17  N.  LaSalle  St.,  Chicago.  111. 

Orbbnalch,  Wallaob  July  18, 1917 

Comnr.  Pub.  Wks.,  Albany,  N.  Y. 

Grboort,  John  Hbrbbrt  July  10, 1906 

Cons.  Hyd.  Engr.  &  San.  Expert,   170  Broadway, 
New  York,  nT  Y. 

Gribtb,  Thomas  Apr.  16, 1914 

88  Market  St.,  Perth  Amboy,  N.  J. 

QRinriN,  J.  William  May  10,  1917 

Supt.  Water  Dept.,  121  Garrison  Ave.,  Jersey  City, 
N.  J. 

Qribwold,  F.  M.  July  18, 1907 

Ins.  Engr.,  66  Cedar  St..  New  York,  N.  Y. 


Digitized  by  VjOOQIC 


44  ACnVB  MBM BBR8 

GaBBLif  AN.  Fkbd.  J.  June  7, 1807 

47  W.  34th  St.,  New  York,  N.  Y. 

GusHUB,  Edward  G.  May  12, 1906 

2d  Aast.  Engr.  Bur.  of  Water,  2122  N.  28th  St., 
Philadelphia,  Pa. 

GwiNN,  Dow  R.  Sept.  7, 1893 

Prent.  Water  Co.,  Terre  Haute,  Ind. 

Habbrmeter,  George  Conrad  Apr.  14,  1915 

Civil  &  San.  Engr.,  1011  W.  Clark  St.,  Urbana,  III. 

Haddbn.  S.  C.  June  4,  1912 

Ed.  Municipal  Engineering,  538  S.  Clark  St.,  Chi- 
cago, 111. 

Halb,  Dr.  Frank  E.  May  12,  1908 

Dir.  of  Lab.,  Mt.  Prospect  Laboratory,  Brookl3m, 

Halb,  Richard  Kino,  C.E.  June  10, 1911 

Lit  ut.-Col   101  F.  A.,  Am.  Exp.  Forces. 

Hall,  Albert  S.  May  16, 1900 

Supt.  Kennebec  Water  Dist.,  Waterville,  Me. 

Hall.  Harrt  R.  May  8,  1915 

Asst.  Ch.  Engr.  State  Dept.  of  Health,  16  W.  Sara- 
toga St.,  Baltimore,  Md. 

Hall,  J.  W.  _         _  June?,  1906 

San  Joaquin  Dist.,  WaU  •-    - 

Sleet.  Co.,  Stockton,  Cal. 


Mgr..  San  Joaquin  Dist.,  Water  Dept.  Pacific  Gas 


Halpin,  Gborqb  R.  June  13,  1916 

515-7th  Ave.,  Watervliet,  N.  Y. 

Halpin,  Thomas  F.  July  18, 1907 

A.  P.  Smith  Mfg.  Company,  East  Orange,  N.  J. 

Hamicbr,  Edwin  W.  May  12, 1914 

Cons.  Engr.,  160  Broadway,  New  York,  N.  Y. 

Hammond,  W.  H.  June  24, 1914 

Supt.  Lindsay  Water  Wks.,  Lindsay,  Ont.,  Can. 

Handy,  Jambs  Otis  May  8, 1915 

Dir.   Pittsburg  Testing  Lab.,  612-620  Grant  St., 
Pittsburgh,  Pa. 

Hansen,  A.  E.  Jan.  1,  1918 

Hyd.  &  San.  Engr.,  2  Rector  St.  New  York,  N.  Y, 

Hansbn,  Paul  June  4, 1912 

Capt.  U.  S.  Engrs   Genl.  Hdqtrs.,  Am.  Exp.  Force. 

Hapqood,  Ltman  p.  June  8, 1909 

Supt.  Dept.  of  Water  &  Lt.,  Box  253,  Jamestown, 
N.  Y. 
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Hardgrave,  a.  June  15,  1914 

Civ.  &  Elec.  Engr.,   1301  Southwestern  Life  Bldg., 
Dallas,  Tex. 

Habding,  C.  T.  Feb.  27,  1917 

Supt.  Water  and  Lt.  Dept.,  516  Chestnut  St.,  Vir- 
ginia, Minn. 

Harding,  George  Jime  24,  1913 

Mgr.,  1105  Paulsen  Bldg.,  Spokane,  Wash. 

Harding,  John  H.  June  26,  1918 

Supt.  Water  Works,  La  Porte,  Ind. 

Harding,  Robert  J.  Oct.  23,  1914 

V.-Prest.  San  Antonio  Water  Supply  Co.,  106  Mar- 
ket St.,  San  Antonio,  Texas. 

Habdt,  Edward  Dana  May  12, 1908 

Supt.  Aqueduct  &  Filtn.  Plant,  Washington,  D.  C. 

Hargreaves,  John  June  8,  1916 

Govt.  Hyd.  Engr.,  Water  Supply  Dept.,  Brisbane, 
Queensland,  Australia. 

Harman,  Jacob  A.  Apr.  11,  1917 

Cons.  Engr.,  144  Fredonia  Ave.,  Peoria,  111. 

Harper,  L.  V.  Aug.  19, 1914 

Mgr.  Chelan  Electric  Co.,  Chelan,  Wash. 

Habbib.  H.  M.  May  13,  1916 

Supt.  Water  Works,  Jackson,  Tenn. 

Harris,  R.  C.  May  12,  1914 

Comnr.  of  Wks.,  City  Hall,  Toronto,  Ont.,  Can. 

Habbison,  John  H.  Apr.  16,  1914 

Kingston  Water  Dept.,  Kingston,  N.  Y. 

Habbub,  C.  Nblson  Dec.  30,  1914 

San.  Engr.,  1437  Spearing  St.,  Jacksonville,  Fla. 

Haskinb,  C.  a.  June  25,  1914 

Capt.  San.  Corps,  N.  A.,  Washington,  D.  C. 

Hatch,  Edwabd  L.  July  10,  1906 

Gen.  Mgr.  Stamford  Water  Co.,  Stamford,  Conn. 

Hatfield  William  Durrbll  Feb  2, 1917 

Asst.  Chem.,  State  Water  Survey,  Urbana,  111. 

Hatton,  T.  Chalklbt  June  11, 1902 

Ch.  Engr.,  City  Hall,  Milwaukee,  Wis. 

Hatton,  William  J.  May  12,  1908 

211  Ogden  Ave.,  Escanaba,  Mich. 

Hausbr.  Stephen  J.  May  14,  1915 

Chem.  &  Bact.,  1669    Cedar  Ave.,    College  HUl, 
Cincinnati,  Ohio. 
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Hawkins,  H.  C.  Dec.  22, 1915 

City  Engr.,  Oskaloosa,  la. 


Hawlbt,  W.  C.  _  Apr.  27, 1910 

'Uh.  Engr.  &  Gen.   Supt.   Penn;  ^ 

South  Ave.,  WilkmsDurg,  Pa. 


Hatfobd,  B.  B.  June  8, 1900 

Supt.  Water  Wks.,  Waukesha,  Wis. 

Hazbn,  Allbn,  C.  E.  May  27, 1805 

42d  St.  Bldg,  New  York,  N.  Y. 

Hazlshurst,  Gborov  H.  Not.  1, 1914 

State  Bd.  of  Hlth.,  Montgomery,  Ala. 

Hazlvhubst,  J.  N.  July  10, 1905 

Major  Eng.  U.  S.  R.,  Genl.  Hdqtrs.,  Am.  Exp.  Forces 

Hbard,  Albvrt  July  18, 1907 

Supt.  and  Treas.,  Hagerstown,  Md. 

HacBT,  J.  L.  Jane  10, 1911 

Mech.  Engr..  Pub.  Senr.  Co.,  72  West  Adams  St., 
Chicago,  111. 

Hbbbmans,  H.  C.  June  26, 1885 

Mgr.  Water  Wks.  Co.,  Hoquiam,  Wash. 

HSPFELFINGER,    J.   MiLTON  Mch.    18,    1918 

622  Hecla  St.,  Ironton,  O. 

Hbllbr,  F.  p.  May  12, 1908 

Water  Comnr.,  236  Penn  St.,  Reading  Pa. 

Hbnbt,  William  H.  May  14,  1915 

Seoty.  A  Mgr.  West  St.  Louis  Water  A  Lt.  Co., 
6600  Delmar  Are.,  St.  Louis,  Mo. 

Hbndvrson,  Chablbs  R.  June  18, 1901 

Mgr.  Dayenport  Water  Co.,  Davenport,  Iowa. 

Hbndxbson,  John  Baillib,  C.E.  Sept.  27,  1915 

"Sun"  Fdry.,  Wiokham  St..  Brisbane,  Queensland, 
Australia. 

HxNDRiOK,  Wallace  M.  May  14,  1915 

1st  Lieut.  Engrs.  U.  S.  R.  301st,  Am.  Exp.  Forces 

Hbnbt,  Edwabd  William  May  12, 1908 

Supt.   Meter  Dept.,   450   Fairmont  Ave.,    Jersey 
City,  N.  J. 

Hbbino,  Rudolph  July  14, 1887 

Cons.  Hyd.  &  San.  Engr.,   170  Broadway,    New 
York,  N.  Y. 

Hbbb,  J.  O.  June  8,  1915 

Supt.  Atlantic  Co.  Water   Co.   of  N.  J.,   232  N. 
Main  St.,  Pleasantville,  N.  J. 
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HvRsoT,  Francis  C,  Jr.  *  July  18, 1907 

Secty.  Water  &  Municipal  Lt.  Comnrs.,   Wellesley, 
Mass. 

Hbtzsr,  Mentor  Dec.  22,  1916 

Mgr.  Moundsville  Water  CJo.,  Moundsville,  W.  Va. 

Hbtdrich.  a.  July  18, 1907 

Prest.  Matanzas  Water  Wks.,  Matanzas,  Cuba. 

Hicrs,  J.  S.  June  10, 1911 

Supt.  Water  Co.,  Berwick,  Pa. 

HiGGiNs,  Lafayette,  C.E.  Dec.  22,  1915 

San.  Engr.  State  Bd.  of  Health,  1144  W.  25th  St., 
Des  Moines,  la. 


Highland,  Scotland  G.  June  24,  1918 

'^ecty.,    Treas.  &   Gen.   M]         —    •   •  — 

Bd.,  Clarksburg,  W.  Va. 


Secty.,    Treas.  &   Gen.   Mgr.,    Clarksburg   Water 
3d.,  --•    •   • 


Hill,  Albert  B.  Oct.  26, 1914 

Cons.  Eng.,  100  Crown  St.,  New  Haven,  Conn. 

Hill,  John  W.  June  26, 1886 

Cons.  Engr.,  406  First  Natl.  Bk.  Bldg.,  Cincinnati, 
Ohio 

Hill,  Nicholas  S.,  Jr.  June  18, 1901 

Cons.  Engr.,  100  WilUam  St.,  New  York,  N.  Y. 

HiLLBS,  T.  Allen  June  24,  1918 

Water  Conmr.,  1600  West  Seventh  St.,  Wilmington, 
Del. 

HiLBGHBR,  Ralph  Nov.  1,  1914 

State  Bd.  of  Health,  210  Union  League  Bldg.,  Los 
Angeles,  Cal. 

Hinxlbt,  Robert  L.  May  12, 1908 

Insp.  Factory  Ins.  Ass'n.  Hartford,  Conn. 

HiNMAN,  Jack  J.,  Jr.  Apr.  21,  1915 

Ist  Lieut.,  S.  C.  N.  A.,  Army  Medical  School,  Wash- 
ington, D.  C. 

HoAD,  William  Christian  June  24, 1918 

Prof.  San.  Engrg.,  Univ.  of  Michigan,  Ann  Arbor, 
Mich. 

HoAGLAND.  Ira  Gould  Apr.  27, 1910 

Secty.  Natl.  Automatic  Sprklr.  Assn.,  80  Maiden 
Lane,  New  York,  N.  Y. 

HoBBS,  Rot  A.  Nov.  23,  1916 

Supt.  Water  Wks.,  Bamesville,  Ohio. 

HoBBt»  Arthur,  S^  C.E.  June  8,  1909 

Central  F6,  Salamanca,  Provincia  de  Santa  Clara, 
Cuba. 
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H0DOKIN8,  H.  C,  C.E.  Apr.  18, 188S 

613  DilUye  Bldg.,  Syracuse,  N.  Y.  ^      -» 

HoDOMAN.  BxTRT  B..  C.E.  Julv  18, 1907 

60  Church  St.,  New  York,  N.  Y. 


Hodhnson,  Thoicas  June  24,  1911 

"  pt.  r  '      ^^       --  ^.      «.     .      .        ^  .    . 

!)an. 


Supt.  Water  Wks.,  14  King  St.,  London,  Ontario, 
Ca 


HoFiMASTBB,  Gbobos  Edwabd  May  13,  1916 

Amer.  Water  Wke.,  A  Guar.  Co.,   60  Broad   St., 
New  York,  N.  Y. 

HoLLST,  C.  R.  Feb.  11,  1917 

Supt.  Water  Wks.,  P.  O.  Box  608,  Bessemer,  Mich. 

HoLLiCAN,  Edwabd  E.  Apr.  14,  1915 

San.  Chem.,  3900  Lexington  Ato.,  St.  Louis,  Mo. 

HoLifBB,  A.  O.  July  10,  1906 

P.  O.  Box  262,  East  Pittsburgh,  Pa. 

Holmes,  M.  G.  Aug.  3, 1918 

Supt.  Wat«r  Works,  Rochester,  Minn. 

HoNB,  FuDBBic  DvP.,  C.E.  Deo.  18,  1913 

13-21  Park  Row,  New  York,  N.  Y. 

Hooper.  Thomas  N.  Apr.  16, 1884 

V.-Prest.  Water  Co.,  Darenport,  Iowa. 

HooPBS.  Edgab  M.,  Jb..  C.E.  June  24, 1911 

Ch.  Engr.,  Water  Dept.,  Wilmington,  Del. 

HooTBB,  Chablbs  P.  JuBS  24,  1911 

Chem.  Filtration  Plant,  Columbus,  Ohio. 


Hopkins,  Chablbs  Comstock  _  ^    .  ^^^^  ^^»  ^^^^ 

Y. 


H\^.  A  San.  Engr.,  349  Cutler  Bldg.,  Rochester, 


Hopkins,  Newton  F.,  C.E.,  July  18, 1907 

801  Home  Trust  Bldg.,  Pittsburgh,  Pa. 


HoppxB.  Waltbb  C.  _         _  _  June  10, 1911 

pt.  Aquackai  .      ^       ^  .- 

t^assaic,  N.  J. 


Supt.  Aquackanonk  Water  Co.,  145  Prospect  St., 
Pa     * 


Hobner,  Charles  M.  June  24,  1903 

Supt.  Water  Works  Co.,  1705  SUte  St.,  East  St. 
Louis,  111. 

HoRNEB,  Habbt  H.  May  19,  1916 

Supt.  Water  Wks.,  2114  First  Ave.,  Birmingham, 

HoBNinco,  Gbobqb  July  14, 1887 

Cons.  C.  &  Mech.  Engr.,  Woolsack  Building,  New- 
port, Ky. 
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HoBTON,  RoBBBT  £.»  H.E.  June  10>  1911 

57  North  Pine  Ave.,  Albany,  N.  Y. 

HoRTON,  Thbodorb  Jttly  18, 1907 

Ch.  Eng^  N.  Y.  State  Dept.  of  Health,  206  Lan- 
caster St.,  Albany,  N.  Y. 


HosTETLBR,  WiLLiAM  A.  May  8.  1915 

Supt.  Iowa  City  Water  Wks.,  227  N.  CapitollSt., 
Iowa  City,  la. 

HousB,  G.  O.  Apr.  27, 1910 

*'      St.  P.Div.,r    -        -        -     —    -  —        ^ 
Paul,  Minn. 


Mgr.  St.  P.  Div.,  No.  States  Power  Co.,  76  West  3rd  St., 

St. -^    •  "• 


Howard,  Frank  E.  Mch.  25,  1918 

Prest.  Bd.  Water  Comrs.,  438  Asylum  St.,  Hartford. 
Conn. 

Howell,  David  J.,  C.E.  Oct.  23,  1914 

Union  Trust  Bldg.,  Washington,  D.  C. 


HowBoir,  Loins  R,  _  May  3,  1916 

\sst.  Engr.   for  Alvo 
Place,  Chicago,  111. 


Asst.  Ener.   for  Alvord  &  Burdick,   617  E.  50th 
~     B,  Chi 


Hubbbll,  Clarbncb  W.  June  24,  1908 

Cons.  Eng.,  2348  Penobscot  Bldg.,  Detroit,  Mich. 

Hudson,  Lbo  June  24,  1918 

Cons.  Engr.  8265  Piedmont  Ave.,  Pittsburgh,  Pa. 

HuGGANS,  D.  E.  May  27,  1896 

Mgr.,  Water  Wks.,  Streator,  111. 

HuGOANS,  R.  D.  Apr.  19,  1915 

Ch.  Engr.,  Streator  Aqueduct  Co.,  Streator,  111. 

HuLBTT,  MasoK  Jan.  20,  1916 

c/o  R.  U.  V.  Co.,  50  Broad  St.,  New  York,  N.  Y. 

HuMPHRBT,  E.  W.  June  24,  1913 

Genl.  Supt.,  1117  Myrtle  St.,  Erie,  Pa. 

Hunter,  Hbnrt  G.  June  10, 1911 

N.  Y.  Cont.  Jewell  Filtn.  Co.,  619  New  Birks  Bldg., 
Montreal,  Can. 

Hunter,  T.  B.  July  10, 1906 

Cons.  Engr.,  703  Rial  to  Bldg.,  San  Francisco,  Cal. 

HU8TON,  R.  C.  June  8,  1909 

Civ.  &  Cons.  Engr.,  P.  O.  Box  326,  Maryville,  Tenn. 

Hut,  Harry  F.  May  30,  1916 

Genl.  Mgr.  Western  N.  Y.  Water  Co.,  704  Elect. 
Bldg.  Bufifalo.  N.  Y. 

Htde,  Charlbs  Gilican  July  18, 1907 

Capt.  San.  Corps,  N.  A.,  Co.  28,  Bat.  7,  Camp  Green- 
leaf,  Ga. 
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Htman,  H.  H.  Apr.  14,  1916 

Mgr.  Miami  Water  Co.,  Miami,  Fla. 

Htmmbn,  H.  June  8.  1909 

Supt.  Water  Wks.,  Kitchener,  Ontario. 

Inman,  a.  W.  Nov.  23, 1915 

Supt.  Massillon  Water  Supply  Ck>.,  Massillon,  Ohio. 

Inoub,  8.  July  18, 1907 

290  Harajiku,  Tokyo,  Japan. 

Irwin,  Ralph  Edward  June  8, 1904 

Capt.  San.  Corps,  N.  A.,  Edgewood  Arsenal,  Edge- 
wood,  Md. 

Irwin,  Thomas  E.  June  10, 1911 

Huntington,  N.  Y. 

Isaac,  F.  N.  May  12, 1908 

Secty.  &  Genl.  Mgr.  The  Hanford  Water  Co.,  Han- 
ford,  Cal. 

JiCKsoN,  Danibl  D.  Apr.  27, 1910 

San.  Expert,  Engrg.  Bldg.,  Columbia  Univ.,  New 
York,  N.  Y. 

Jackbon,  Robbrt  a.  June  24, 1898 

Supt.  Ins.  &  Water  Co.,  Norristown,  Pa. 

Jagobson»  Andrew  Mch.  28, 1914 

Chem.  Met.  Wat^r  Dist.  of  Omaha,  Florence,  Neb. 


James,  Claude  L.  Mch.  4,  1915 

llJ 


Citv  Engr.  Supt.  Water  Wks.,  City  Bldg.,  Mattoon, 


Jaryib.  Alexander  Charles  Jan.  5,  1914 

Capt.  Royal  Engrs.,  War  Office,  London. 

Jenks,  Harrt  Neville  Feb.  11,  1917 

San.  Engr.,  Burma  Mines.  Ltd.  Namtu,  Northern 
Shan  States,  Burma,  Inoia. 

Jennings,  Charles  A.  May  12, 1908 

Rm.  466,  Peoples  Gas  Bldg.,  Chicago,  111. 

Jenson,  J.  ARTHX7R  June  10, 1911 

Supr.  Water  Wks.  Dept.  Minneapolis,  Minn. 

Jenson,  Marion  A.  Feb.  22,  1918 

4324  Parker  St.  Omaha,  Neb. 

Jenson,  J.  Chris.  June  4, 1912 

Municipal  Water  Wks.,  Council  Bluffs,  Iowa. 

Johnson,  Edgar  W.  July  20,  1917 

Asst.  Engr.  Water  Dept,  2632  14th  Ave.,  S.  Min. 
neapolis,  Minn. 
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Johnson,  Gborgb  A.  July  18, 1907 

Major  Q.   M.   C,    N.  A.,  Cons.  Div.,  M.  A  R. 
Bch.,  Building  C,  7th  &  B  Sts.  Washington,  D.  C. 

Johnson,  H.  B.  June  24,  1918 

Genl.  Mgr.  Sheffield  Co.,  Sheffield,  Ala. 

Johnson,  H.  E.  Dec.  22, 1915 

Supt.  Elect.  Lt.  &  Water  Plant,  Senatobia,  Miss. 

Johnson,  Petbr  May  30,  1916 

Supervising  Engr.,  Dept.  W.  S.  G.  &  E.  of  New 
York,  BeUmore,  L.  I.,  N.  Y. 

Johnston,  William  J.  April  3,  1917 

Supt.  Water  Wks.,  Marquette,  Mich. 

JoNBS,  A.  J.  April  16, 1884 

P.  O.  Box  273,  New  Brunswick,  N.  J. 

« 

JoNss,  BuBKV  June  24, 1913 

Supt.  Water  Wks.,  Hattiesburg,  Miss. 

JoNBB,  Gbandyillb  R.  May  12,  1908 

Assoc.  Prof,  of  C.  Engrg.,  Johns  Hopkins  Univ., 
Baltimore,  Md. 

JoNss,  Hiram  F.  July  18, 1907 

Supt.  Water  Wks.,  823  Walnut  St.,  Elmira,  N.  Y. 

JoNSB,  J.  M.  May  13,  1916 

Bristol  &  Warren  Water  Works,  Bristol,  R.  I. 

Jones,  J.  W.  April  27, 1916 

Mgr.  Water  Wks.,  Selma,  Ala. 

JoNBS,  William  Clayton  May  12, 1914 

426  Market  St.,  Camden,  N.  J. 

Jones,  Wiluam  Nelson,  C.E.  Aug.  19,  1914 

City  Engr's  Office,  City  Hall,  Minneapolis,  Minn. 

Jordan,  Edwin  O.  Oct.  26»  1914 

Prof,  of  Bact.,  Univ.  of  Chicago,  Chicago,  111. 

Jordan,  Frank  C.  June  10, 1911 

Secty.  Water  Co.,  113  Monument  PL,  Indianapolis, 
Ind. 

JuDD,  W.  A.  May  8,  1916 

Supt.  Water  Wks.,  20  Sixth  St.,  N.  E.,  Mason  City, 
la. 

Kablb,  Edgar  P.  Nov.  19,  1917 

Asst.  Secty.  York  Water  Co.,  42  East  Market  St., 
York,  Pa. 

Kahn,  Leon  I.  May  30,  1916 

Comnr.  of  Pub.  Util.,  Shreveport,  La. 
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Kapoubtinv,  Thbodobb  N.  Aug.  28,  1917 

San.  Engr.,  810  Flatiron  Building,  New  York,  N.  Y. 

Kabtberg,  KablC.  June  7.  1904 

City  Engr.,  Des  Moines,  la. 

KnLBB,  H.  E.  July  14,  1887 

633,  The  Rookery,  Chicago,  111. 

KsvK,  Haroj^d  Perot  Not.  23,  1015 

306  Otis  Bldg.,  112  S.  16th  St.,  Philadelphia,  Pa. 

KsLraER,  TiMOTHT  Feb.  24,  1917 

Supt.  Williamsport  Water  Co.,  Williamsport,  Pa. 


KsiLS,  Anthont  June  8,  1909 

'"     t.Bd     "~  *   ~      ^^ '"* 

ich. 


Supt.  Bd.  of  Pub.  Wks.,  38Moross  Ave.,  Mt.  Clemens, 


Keller,  Oscar  E.  June  26,  1918 

Prest.  Bd.  Water  Comnrs.,  25  E.  5th  St.,  St.  Paul, 
Minn. 

Kbllt  JSabl  W.  June  4, 1912 

Water  Lt.  Dept.,  Duluth,  Minn. 

KsMBLE,  F.  T.  June  28,  1915 

Secty.  New  Rochelle  Water  Co.,  238  Main  St.,  New 
RocheUe,  N.  Y. 

Kern,  Peter  Oct.  24,  1917 

Mgr.  Water  Dept.,  Fort  Madison,  la. 

KiBNLB,  John  A.  June  8,  1909 

San.  Engr.,  18  E.  41st  Street,  New  York,  N.  Y. 

KiLLAM,  Samttbl  E.  Nov.  24,  1914 

Supt.  Pipe  Line  &  Reservoirs,  1  Ashburton  PL, 
Boston,  Mass. 

KiLPATRicK,  John  D.,  C.E.  June  4, 1912 

Lieut.-Col.  Q.  M.  C,  N.  G.  U.  S.,  Am.  Exp.  Forces. 

KniBALL,  Frank  C.  June  11, 1902 

Asst.  Treas.  &  Mgr.,  Conmionwealth  Water  A  Lt. 
Co.,  Smnmit,  N.  J. 

King,  Charles  Penrose  June  14,  1916 

Engr.  Bexhill  Water  &  Gas  Co.,  5  Sedgwick  Rd., 
Bexhill-on-Sea,  England. 

Kingman,  Horace  Mar.  17,  1916 

Comnr.  &  Supt.,  City  Hall,  Brockton,  Mass. 

Kinnaird,  Robert  N.  June  4,  1912 

Supt.  Des  Moines  Water  Co.,  Des  Moines,  la. 

Kirk,  Clarence  L.  June  8,  1907 

Prest.  Indianapolis  Water  Co.,  113  Monument  Circle, 
Indianapolis,  Ind. 
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KiRKPATsiCK,  Eabl  T.  Feb.  11,  1917 

Lieut.  U.  S.  R.,  Co.  H,  42dlnf.,  Newport  News,  Va. 

KiRKPATBicK,  Waltbr  G.  Apr.  27|  1010 

Cons.  Uyd.  Engr.,  704  Farley  Bldg.,  Birmingham, 
Ala. 

Klabb,  R.  W.  June  28,  1015 

Mgr.  Wabash  Water  A  Lt.  Co.,  Wabash,  Ind. 

Klaus,  Fbbd  J.  Oct.  21,  1015 

Asst.  Engr.  East  Bay  Water  Co.,  2414  Dana  St., 
Bel*keley,  Cal. 

Klein,  Fbderico  Mch.  5,  1018 

Cia  Alumbrado  Electrico,  San  Salvador,  C.  A. 

Klbin,  Wiluam  I.  June  24, 1918 

Roberts  Filter  Mfg.  Co.,  Darby,  Philadelphia,  Pa. 

Klinqbbbq,  W.,  C.E.  July  10, 1006 

50  Church  St.,  New  York,  N.  Y. 

Knbbn,  a.  H.,  CJB.  June  10, 1011 

121  N.  Broad  St.,  PhUadelphia,  Pa. 

Knickbrbackbb.  John,  C.E.  June  24, 1918 

Prest.  Eddy  Valve  Co.  86  Ist  St.,  Troy,  N.  Y. 

Knisbly,  J.  Hbrman  Aug.  3,  1916 

Ch.,  Bur.  of  Municipalities,  Harrisburg,  Pa. 

Knowlbs,  Clabbncb  R.  June  24, 1918 

Supt.  Water  Dept..  I.  C.  R.  R.,  6504  Greenwood 
Ave.,  Chicago,  111. 

Knowlbs,  Mobbis  July  18, 1907 

Cons.  Engr.,  1200  Jones  Law  Bldg.,  Pittsburgh,  Pa. 

Knox,  Stuabt  K.  June  8, 1909 

Hill  &  Ferguson,  100  William  St.,  New  York,  N.  Y. 

Kohn,  C.  L.  June  24, 1918 

Comnr.,  City  Hall,  Elgin,  111. 

KoNTKOVSKi,  EuQBNB  B.  Jan.  12,  1915 

Cons.  Engr.,  Nikolajevskaja,  17  log.  5,  Petrograd, 
Russia. 

Kbausb,  Mabx  C,  C.E.  May  30,  1916 

335  Pine  St.,  Williamsport,  Pa. 

Kbibobb.  Axbbbt  a.  Apr.  22,  1916 

Roberts  Filter  Co.,  Darby,  Pa. 

Kbibqsheim,  Heinbich  May  14,  1015 

c/o  Permutet  Co.,  440  4th  Ave.,  New  York,  N.  Y. 

Labbbob,  FBANgoiB  Chablbs  Mch.  10,  1016 

Cons.  Engr.,  30  St.  James  St.,  Montreal,  Can. 
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Lacount,  H.  O.  May  12, 1908 

Engr.  &  Asst.  Secty.  Inap.  Dept.  Factory  Mutual 
Ins.  Co.,  124  CJollege  Ave.,  West  Somerville, 
Mass. 

Lafrenibre.  Theo.  J.  June  24,  1916 

San.  Engr..  Bd.  of  Health  of  P.  Q.,  9  St.  James  St., 
Montreal,  Can. 

Lance,  John  H.  May  10,  1917 

Ch.  Engr.,  The  Spring  Brook  Water  Supply  Co.,  30 
N.  Franklin  St.,  WUkes-Barre,  Pa. 

Lance,  Oscar  M.  July  18,  1907 

Genl.  Mer.  The  Spring  Brook  Water  Co.,  P.  O.  Box 
124,  Wilkes-Barre,  Pa. 

Landmann,  L.  B.  Sept.  19,  1914 

Supt.  Capital  City  Water  Co.,  Jeflferson  City,  Mo. 

Landrt,  J.  A.  Apr.  27,  1910 

Prest.  Ry.  Lt.  &  Water  Wks.  Co.,  Lake  Charles,  La. 

Larmon,  Frank  P.  Apr.  22,  1914 

Ch.  Engr.  Met.  Water  Dist.,  Omaha,  Neb. 

Labso,  Alfredo  F.  Oct.  24,  1917 

Ing.  Civ..  Obras  Sanitarias  de  la  Nacion,  Buenos 
Aires.  R.  Argentina. 

LaTourrette,  Frederick,  C.E.  Dec.  30,  1914 

Engr.  in  Chge.  J.  C.  Water  Wks.,  49  Highland  Ave., 
Jersey  City,  N.  J. 

Lautz,  W.  E.  May  27,  1895 

Secty.  &  Mgr.  Pekin  Water  Wks.,  Pekin,  HI. 

Lawlor,  Francis  D.  H.  July  10,  1906 

Supt.  Citizens  Water  Co.,  Burlington,  la. 

Lawton,  Ralph  W.  July  10, 1906 

Mgr.  Jewell  Export  Filter  Co.,  10  Clive  St.,  Cal- 
cutta, India. 

Latnb,  M.  E.  June  4, 1912 

Layne  &  Bowler  Co.,  Randolph  Bldg.,  Memphis, 
Tenn. 

Lea,  Richard  S.  May  12,  1908 

Cons.  Engr.,  809  New  Birks  Bldg.,  Montreal,  Can. 

Leach,  William  J.  Mar.  25,  1918 

Supt.  &  Chf .  Engr.,  725  Mountain  Ave.,  Fergus  Falls, 
Minn. 

Leaf,  C.  E.  Apr.  19,  1915 

Ch.  Chem.  C.  B.  &  Q.  R.  R.  Laboratory,  Aurora,  111. 

Lbclerc,  Pierre  May  1,  1917 

Supt.  Eastern  Div.  Water  Wks.,  106  Clarke  St., 
Montreal,  Can. 


Digitized  by  VjOOQIC 


AMERICAN  WATER  WORKS  ASSOCIATION  55 

Lbddbn,  Ernest  M.  June  4,  1912 

404  Fourth  Ave.,  New  York,  N.  Y. 

Lbdoux,  J.  W.  July  18,  1907 

Ch.  Engr.  Amer.  Pipe  A  Constr.  Co.,  112  N.  Broad 
St.,  Philadelphia,  Pa. 

LvB,  Charles  H.  June  24,  1913 

Lieut.  U.  S.  R.,  26thEngrs.,  Co.  C.  Water  Sup.  Sect., 
Am.  Exp.  Forces. 

Lee,  H.  R.  Feb.  24,  1917 

City  Chem.,  440  W.  Macon  St.,  Decatur,  111. 

Leerskov,  a.  D.  Apr.  20,  1918 

Supt.  Municipal  Water  Works,  Lock  Box  7,  Brush, 
Col. 

Lbbt,  J.  N.  June  10,  1911 

Supt.  Water  Dept.,  North  East,  Pa. 

Lbisbn,  Theodore  A.  June  7,  1904 

Major  Q.  M.  R.  C.  Constructing  Q.  M.,  Camp  Custer, 
Mich. 

Leopold,  F.  B.  May  12,  1914 

Farmers  Bk.  Bldg.,  Pittsburgh,  Pa. 

LbSaqe,  Royal,  C.E.,  B.S.  Mch.  14,  1916 

76  St.  Gabriel  St.,  Montreal,  Can. 

LeSage,  Thomas  William  April  4,  1916 

Engr.,  Supt.  Water  Wks.,  City  Hall,  Montreal,  Can. 

Letton,  H.  p.  Jan.  12,  1915 

Capt.  Engrs.  U.  S.  R.  Water  Sup.  Service,  Am.  Exp. 
Forces. , 

Lbvt,  a.  G.  April  27, 1910 

Asst.  Dir.  N.  O.  Purif.  Plant,  8417  Panola  St.,  New 
Orleans,  La. 

Lbwis,  J.  M.  June  24,  1913 

Supt.  Parks  &  Pub.  Prop.,  Sioux  City,  la. 

Lewis,  R.  E.  May  12,  1908 

Supt.  Water  Wks.,  Elizabeth  City,  N.  C. 

LiGHTPOOT,  J.  C,  Jr.  June  23,  1914 

N.  J.  Water  Serv.  Co.,  1307  Real  Est.  Tr.  Bldg., 
Philadelphia,  Pa. 

Liles,  Floyd  L.  June  26,  1918 

Chrmn.  Water  Works,  Spartanburg,  S.  C. 

Little.  Bbekman  C.  June  24,  1903 

Supt.  Water  Wks.,  44  City  Hall,  Rochester,  N.  Y. 

Livbzey,  W.  B.  May  14,  1916 

Prest.  Newport  News  Lt.  &  Water  Co.,  Newport 
News,  Va. 
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LoBO,  Carlos  June  23,  1916 

Aotg.  Dept.  Ch.  Engr.,  Dept.  Water  Sup..  Gas  A 
Mecty.,  MunicipJf  Bldg.,  New  York,  N.  Y.   , 

LocHmiDOB,  Elbbbt  E.  July  10,  IIKM 

Engr.  Water  Dept.,  P.  O.  Box  1238,  Springfield,  Mass. 

Lofton.  H.  M.  June  4, 1913 

Chattanooga,  Tenn. 

Long,  Gbobgb  J.  Apr.  23,  1915 

Prest.  Inter-State  Water  Co.,  Louisville,  Ky. 

Long,  Jambs  R  May  12,  1916 

City  Hall,  Camden,  N.  J. 

LoNGLBT,  Fbancis  F.  July  18,  1907 

Lieut.-Col.  26th  Engrs.,  Am.  Exp.  Forces. 

LoNOLBT,  Frbdbrick  J.  Dso.  1,  1913 

Lieut.  Aviation  Sec.  S.  C,  Cmdg.  Of.,  271  Aero  Squad. 
Ellington  Field,  Tex. 

LooMis,  E.  L  July  10, 1906 

Supt.  Valparaiso  Home  Water  Co.,  Valparaiso,  Ind. 

LoBD,  Fbanklin  B.,  Jb.  June  10, 1911 

Queens  Co.  Water  Co.,  Cedarhurst,  L.  I.,  N.  Y. 

Lord,  Charles  H.  Aug.  10,  1918 

Supt.  Water  Works,  Ogdensburg,  N.  Y. 

Lott,  Ebskinb  H.  May  30,  1916 

Supt.  Flatbush  Water  Wks.  Co.,  786  Flatbush  Ave., 
Brooklyn,  N.  Y. 

LoUNSBUBT,  WjLLiAM  C.  May  12, 1908 

Genl.  Supt.  Superior  Water,  Lt.  &  Power  Co.,  Su- 
perior, Wis. 

LovBJOT,  William  H.  June  4, 1912 

Louisv^ille  Water  Co.,  Louisville,  Ky. 

Lucas,  Hugh  L.  Apr.  27, 1910 

Supt.  Water  Pipe  Exten.,  404  City  Hall,  Chicago, 

LucB,  Fbancis  H.  May  12,  1914 

Supt.  Woodhaven  Water  Supply  Co.,  Woodhaven, 

Ludlow,  J.  L.  June  7, 1904 

Cons.  Engr.,  Winston-Salem,  N.  C. 

LuBcoMBE,  William  May  12, 1908 

V. -Prest.  Gary  Heat,  Lt.  A  Water  Co.,  Gary,  Ind. 

Luther,  J.  N.  June  26,  1918 

Supt.  Water  Works,  South  Bend,  Ind. 
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Lyons.  B.  F.  May  12, 1908 

V.-Prest.  <&  Genl.  Mgr.  Beloit  Water,  Gas  &  Elect. 
Co.,  Beloit,  Wis. 

McAlpiicb,  a.  H.  April  27, 1889 

Genl.  Western  Agt.  Hersey  Mfg.  Co.,  211  Schults 
Bldg.,  Columbus,  Ohio. 

McCabb,  H.  Dallas,  C.E.  May  12,  1908 

800  Donner  Ave.,  Monessen,  Pa. 

McCarthy,  Danisl  B.  June  27, 1905 

Treas.  Waterford  Water  Wks.  Co.,  50  East  42d  St., 
New  York,  N.  Y. 

McCarthy,  William  May  12, 1908 

Supt  Water  Wks.,  Bluefield,  W.  Va. 

McClbnahan,  W.  T.  May  12,  1914 

64  W.  Randolph  St.,  Chicago,  111. 

McCuNTOCK,  Jambs  R.  Jan.  27,  1914 

170  Broadway,  New  York,  N.  Y. 

McCoRMiCK,  Robert  Nov.  1,  1916 

Co.  D,  26th  Engrs.,  Camp  Dix,  N.  J. 

McCrady,  MacHarvby  Apr.  14,  1916 

Chem.  &  Bact.  Bd.  of  Hlth.  of  P.  Q.,  9  St.  James 
St.,  Montreal,  Can. 

McDonald,  Charlbb  E.  June  10, 1911 

Supt.  Water  Wks.,  Waterbury,  Conn. 

McDoNNBLL,  RoBBRT  E.  June  24,  1913 

402  Interstate  Bldg.,  Kansas  City,  Mo. 

McFarland,  Chbstbb  R.  May  12, 1908 

Secty.  &Genl.  Mgr.  Water  Wks.  Co.,  Tampa,  Fla. 

McGiBONEY,  J.  H.  May  14,  1915 

Mgr.  Water  Wks.,  Middleborough,  Ky. 

McGinty  J.  H.  May  10,  1917 

Supt.  Water  Wks.,  Mansfield,  Ohio. 

McGoniqalb,  Willl^m  J.  June  4, 1912 

P.O.  Box  2360,  Louisville,  Ky. 

McGbath,  F.  R.  May  12,  1914 

Supt.  Water  Wks.,  City  Hall,  Chambersburg,  Pa. 

McInnbs,  F.  a.  May  12,  1914 

Div.  Engr.,  Pub.  Wks.  Dept.,  23   Salcombe   St., 
Dorchester,  Mass. 

McIntosh,  Wiluam,  Jr.  June  24,  1918 

Castle  Stuart  Dalcross,  Inverness-Shire,  Scotland. 
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McKsNnE,  S.  H.  Apr.  14,  1916 

Engr.,  A  Supt.  Tenyviile  and  Southington  Water 
Wks.,  Soutnington,  Ck>im. 

McKiM,  Robert  Albert,  C.E.  June  4,  1912 

65  W.  88th  St.,  New  York,  N.  Y. 

McLaughlin.  George  E.,  M.D.  June  24,  1913 

Lieut.  U.  S.  Navy,  Aast.  Surgeon,  Naval  Station, 
Hampton  Roads,  Va. 

McMane,  William  I.  Mch.  1,  1916 

Supt.  Commonwealth  Water  Ck>.,  18  Maple  Ave., 
oummit,  N.  J. 

McMillan,  T.  W.  Dec.  22,  1915 

Supt.  Water  Wks.,  Mt.  Pleasant,  la. 

McRae,  H.  C.  Apr.  27,  1910 

1st  Lieut.  318th  Engineers,  E.  O.  R.  C,  Vancouver 
Barracks,  Washington 

McRas.  John  B.  May  3,  1916 

Cons.  Eng.,  310  Booth  Bldg.,  Ottawa.  Can. 

McRsTNOLDS,  B.  B.  May  12,  1914 

Supt.  Water  Wks.,  City  Hall,  Colorado  Springs, 
Colo. 

McWiLLiAMS,  C.  Q.  June  18, 1901 

Prest.  Roanng  Crk.  Water  Co.,  P.  O.  Box  86,  Sha- 
mokin.  Pa. 

MacDonald.  EiocBTT  June  7, 1904 

Mgr.  Lincoln  Water  &  Lt.  Co.,  Lincoln,  111. 

MacDonald,  W.  E.  May  10,  1917 

City  Water  Wks.,  Engr.,  93  Powell  Ave.,  Ottawa, 
Can. 

Machbn,  Hbnrt  B.  May  12,  1906 

Major  O.  R.  C.  Explosives  Sect.,  Buffalo,  N.  Y. 

Mackie^  George  D.  Feb.  11,  1917 

City  Comnr.,  Moose  Jaw,  Saskatchewan. 

Maffitt,  Dale  L.  Apr.  20,  1918 

Chem.  &  Bact.,  Des  Moines  Water  Co.,  Des  Moines, 
la. 

Main,  Geo.  A.  Apr.  27,  1910 

■    Supt.  Water  &  Sew.  Depts.,  Daytona,  Fla. 

Mallalieu,  Willard  C.  Dec.  30,  1914 

'"  pt.  S.  C,  N.  A  ~  "  '" 

jireenleaf,  Ga. 


Capt.  S.  C,  N.  A.,  28  Co.  Btln.  7,  M.  O.  T.  C,  Camp 
Gn  -    - 


Manahan,  Elmer  G.,  C.E.  June  8,  1909 

Desgng.   Engr.,  Bd.  of  Water  Supply,   Municipal 
Bldg.,  New  York,  N.  Y. 
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Mangold,  John  F.,  C.E.  June  24,  1918 

Rapid  City,  S.  Dak. 

Manvillb,  F.  D.  June  18,  1901 

Local  Mgr.  Lt.  &  Water  Co.,  Newport  News,  Va. 

Manz,  Louis  C.  M.E.  June  8,  1904 

1500  W.  Allegheny  Ave.,  Philadelphia,  Pa. 

Martijnl  a.  M.  May  12,  1908 

Waco,  Texas. 


Martin,  J.  C.  May  14,  1915 

'     ir.  for  Ohio  Wa       ™       -  «  -    ^ 

olumbus,  Ohio. 


Atty.  for  Ohio  Water  Wks.  Assn.,  8  E.  Long  St., 
Coll     ■ 


Mason.  S.  J.  May  10,  1917 

Engr.  &  Supt.  Water  Wks.,  Perth  Amboy,  N.  J. 

Mason.  William  P.,M.D.  May  18,  1892 

Prof,  of  Chem.  Ren.  Poly.  Inst.,  Troy,  N.  Y. 

Mattb,  Hubbrt  p.  T.  June  4,  1912 

Supt.  Water  Dept.,  Oak  Park,  III. 

Mauricb,  Gborgb  Holbrookb,  C.E.  June  10, 1911 

Eagle  Springs,  N.  C. 

Maurt,  Dabnbt  H.  Aug.  22,  1894 

Lieut.-Col.  Q.  M.  C,  N.  A.,  Adv.  Engr.  on  Water 
Supply,  Constr.  Div.,  Washington,  D.  C. 

Mavity,  J.  W.,  C.E.  May  14,  1916 

806  N.  Jefferson  St.,  Wellington,  Kans. 

Maxwell,  Donald  H.  Feb.  24,  1917 

Asst.  En^.  with  Alvord  &  Burdick,  1417  Hartford 
Bldg.,  Chicago,  111. 

Mato,  William  B.  June  4, 1912 

c/o  Ford  Motor  Co.,  Detroit,  Mich. 

MvAD,  Danibl  W.,  C.E.  Apr.  17, 1889 

120  W.  Gorham  St.,  Madison,  Wis. 

Mbars.  Brainbrd  June  28,  1915 

Prof,   of  Chem.,  Williams  College,   Williamstown, 
Mass. 

MxBKBR,  GvoROX  R.  May  19,  1916 

Supt.  Water  Wks.,  Geneseo,  N.  Y. 

Mbllbn,  A.  F.  Apr.  23,  1915 

City  Chemist,  Filt.  Plant,  Moline,  111. 

Mvllon,  T.  a.  June  24, 1903 

Preet.  Kensington  Water  Co.,  514  Smithfield  St., 
Pittsburgh,  Fa. 
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Mebcier,  Paul-Emilb  Apr.  18,  1916 

Ch.  Engr.  &  City  Svyr.,  City  Hall,  Montreal,  Can. 

Merck.  Wiluam  E.  June  18,  1016 

Supt.  Water  A  Lt.  Dept.,  JackBon,  Ga. 

Mbssbb,  Richard  June  10, 1911 

Major  Q.  M.  C,  N.  A.,  Cons.  Div.  M.  A  R.  Bch., 
Washington,  D.  C. 

MxssBB,  Samuel  F.  Not.  23,  1915 

Supt.  Kent  Water  &  Lt.  Co.,  Kent,  Ohio. 

Metcalf,  Johk  T.  June  28,  1916 

Asst.  Engr.,  in  Chge.  L.  I.  Watershed,  625  West  St., 
Brooklyn,  N.  Y. 

Mbtcalv,  Leonard  June  24, 1903 

Cons.  Ciyil  Engr.,  14  Beacon  St.,  Boston,  Mass. 

Meters,  A.  H.  June  24, 1908 

Supt.  Water  Co.,  Columbia,  Pa. 

Michel,  B.  G.  June  8,  1916 

City  Engr.,  Kitchener,  Ontario.  Can. 

MiCHiE,  John  C,  C.E.  June  24, 190S 

Supt.  Water  Co.,  Durham,  N.  C. 

MicKLB,  F.  Lee  Feb.  11,  1917 

State  Dept.  of  Hlth.,  135  Huntington  St.,  New  Haven, 
Conn. 

MiDDLBMiss,  Georoe  A.,  C.E.  Apr.  27, 1910 

Supr.  of  Plmbg.,  602  Carondelet  St.,  New  Orleans,  La. 

Miller,  Carroll  June  23,  1916 

Genl.  Mgr.  Murphysboro  Water  Wks.  A  Elect.  A 
Gas  Lt.  Co.,  Aurora,  111. 

Miller,  Clarence  F.,  M.E.  Apr.  4,  1916 

941  E.  Ontario  St.,  Philadelphia,  Pa. 

Miller,  Clifford  N.,  H.E.  May  14,  1Q15 

2807  Union  Central  Bldg.,  Cincinnati,  Ohio. 

Miller,  Edwin  E.  Moh.  28,  1914 

Asst.  Supt.  Power  Plants,  Hackensack  Water  Co., 
Weehawken,  N.  J. 

Miller,  Hiram  Allen  June  10, 1911 

Cons.  Engr.,  8  Beacon  St.,  Boston,  Mass. 

Miller,  J.  A.  June  8, 1909 

Supt.  Water  Wks.,  10  W.  Third  St.,  Alton,  lU. 

Miller,  Melville  W.  May  14,  1915 

Supt.  Lafayette  Water  Wks.,  Lafayette,  Ind. 

Miller,  Walter  Edward  June  4, 1912 

1719  Madison  St.,  Madison,  Wis. 
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MiLUOAN,  R.  E.  June  11, 1QQ2 

Chem.,  P.  O.  Box  A,  Nutley,  N.  J. 

MiLNB.  Alsxandxb  June  24,  1003 

Supt.  Water  Wks.,  St.  Catharines,  Ontario,  Can. 

MiNOB,  Edwaed  Eabtiian  June  4,  1912 

Supt.  New  Haven  Water  Co.,  91  Temple  St.,  New 
Haven,  Conn. 

MiTCHSLL,  Chablss  HAMILTON,  CE.  June  10, 191 1 

Lieut. -Col.  Chf.  of  Inteligence,  2d  British  Army, 
British  Exp.  Forces. 

MiTCHBLL,  Gboros  June  24,  1913 

Lt.  K.  M.  Engrs.  H.  M.  S.  Impirieuae,  London,  Eng. 

Moat,  Charlbs  P.  Apr.  9,  1916 

Chem.  State  Bd.  of  Health,  184  Church  St., 
Burlington,  Vt. 

MoHLBB,  B.  M.  Feb.  24,  1917 

1st  Lieut.  San.  Corps,  N.  A.,  Am.  Exp.  Forces. 

MOHRHARDT,  E.  F.  Oct.  10,  1917 

Secty.  Bd.  Fire  Undwtrs.  of  the  Pacific,  914  Mer- 
chants Exchange  Bldg.,  San  Francisco,  Cal. 

MoLis,  William  Mch.  15, 1882 

Supt.  Water  Wks.,  Muscatine,  la. 

MoNFORT,  Wilson  F.  July  10, 1906 

Cons.  Chem.,  506  N.  Vandeventer  Ave.,  St.  Louis, 
Mo. 

MoNTOULiBU,  Hbnbt  J.,  CE.  June  4, 1912 

No.  10  Calle  F,  Vedado,  Havana,  Cuba. 

MooBB,  Gbobob  H.  May  12,  1908 

Supt.  Suburban  Water  Co.,  Verona,  Pa. 

MooBB,  John  M.  July  10,  1906 

Cons.  Engr.,  Palmer  Block,  London,  Ontario. 

Morgan,  Hbnbt  B.  Oct.  16, 1914 

Mgr.  Peoria  Water  Wks.  Co.,  143  N.  Jefferson  Ave. 
Peoria,  111. 

Morris.  Charles  H.  .June  8,  1916 

Supr.  of  Water  Wks.,  New  Bnmswick,  N.  J. 

Morse,  Robert  B.  May  8,  1915 

Ch.  Engr.  State  Bd.  of  Health,  16  W.  Saratoga  St, 
Baltimore,  Md. 

Moby,  A.  V.  H.  Nov.  1,  1914 

Chem.  Dir.,  Dept.  217,  Sears,  Roebuck  A  Co.,  Chi- 
cago, 111. 
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MuNDT,  Ambrosb  Mch.  23,  1914 

Supt.  Middlesex  Water  Co.,  Woodbridge,  N.  J. 

MuRPHT,  A.  R.,  C.E.  June  10,  1911 

Capt.  E.  R.  C.  Am.  Exp.  Forces. 

MuRPHT,  Frank  J.  Jirne  11,  1916 

Supt.  Div.  of  Meters,  City  Hall,  Milwaukee,  Wis. 

Murphy,  L.  E.  May  12,  1914 

Supt.  Water  Dept.,  Jacksonville,  Fla. 

Murray,  H.  E.  May  8»  1916 

Capt.  Q.  M.  R.  C,  Scofield  Barracks. 

MuRRiN,  John  A.  June  28,  1916 

Comnr.  Pub.  Prop.,  City  Hall,  Rock  Island,  111. 

Neary,  John  H.  June  28,  1916 

Supt.  Wtr.  Wks,  816  N.  Chicago  Ave.,  So.  Milwaukee, 
Wis. 

Nbave,  J.  W.  May  10,  1917 

Supt.  Water  Wks.,  Salisbury,  N.  C. 

Nblson,  Frbd  B.,  C  JJ.  July  18, 1907 

966  Anderson  Ave.,  Highbridge,  New  York,  N.  Y. 

NxuT,  Gborgb  June  10, 1911 

Ch.  Engr.  Water  Wks.,  Santiago,  Chile,  S.  A. 

Nbvling,  J.  B.  Oct.  16,  1914 

Secty.-Treas.  Clearfield  Water  Co.,  Clearfield,  Pa. 

Nbwbll,  C.  W.  Apr.  11,  1917 

Serv.  Foreman  of  Maintenance,  2218  Elliott  Ave., 
Minneapolis,  Minn. 

Nbwbll,  F.  H.  Feb.  24,  1917 

Cons.  Engr..  Prof,  of  C.  Engrg.,  201  Engrg.  Hall, 
Urbana,  111. 

Nbwhall,  William  G.  Feb.  24,  1917 

Asst.  Supt.  Portland  Water  Dbt.,  42  Brentwood 
St.,  Portland,  Me. 

Nbwlands,  Jambs  A.  Oct.  16, 1914 

San.  Engr.,  11  Laurel  St.,  Hartford,  Conn. 

Nbylon,  C.  M.  B.  Leigh,  C.  &  H.E.  May  8,  1915 

State  River  &  Water  Supply  Comn.,  Engrs.  Branch, 
Treasury  Gardens,  Melbourne,  Australia. 

Nichol,  E.  M.,  C.E.  June  13,  1916 

212  S.  7th  St.,  Philadelphia,  Pa. 

Nichols.  A.  E.,  C.E.  June  8,  1916 

5331  Woodlawn  Ave.,  Chicago,  111. 

Nichols,  Charles  Sarin  June  26,  1918 

Assoc.  Prof,  in  chg.  of  .San.  Eng.,  Iowa  State  College, 
Ames,  la. 
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NiBHioBDA^  Satobxj  Oct.  16,  1914 

Municipal  Water  Wks.,  Tokyo,  Japan. 

NissLT,  E.  L.  May  14,  1916 

Prest.  Florin  Water  Co.,  Florin,  Pa. 

NoLTB,  August  G.  Dec.  20,  1916 

Supt.  Filter  Plant,  4212  Red  Bud  Ave.,  St.  Louis, 

NuBBLiNG,  Ehil  L.  May  29,  1896 

Ch.  Engr.,  Bur.  of  Water,  Reading,  Pa. 

NuTT,  J.  A.  Mch.  17,  1916 

Supt.  Water  Wks.,  Monongahela,  Pa. 

Nt«,  William  W.,  May  12, 1908 

Trustee  Kennebec  Water  Dist.,  Fairfield,  Me. 

O'Callahan.  C.  D.  June  13,  1916 

aty  Engr.,  City  Hall,  Joliet,  111. 

CMbara,  Robbbt  J.  Feb.  24,  1917 

Asst.  Engr.,  Dept.  of  Water  Supply,  311  E.  124th 
St.,  New  York,  N.  Y. 

O'RouBKB,  Jambb  Nov.  24, 1914 

Supt.  of  Water  Wks.,  Fulton,  111. 

O'Shauohnbsst,  Jbbbt  Apr.  27,  1910 

Supt.  Dept.  of  Water,  Columbus,  Ohio. 

O'Shauohnbsbt,  M.  M.  July  18, 1907 

City  Engr.,  2732  Vallejo  St.,  San  Francisco,  Cal. 

OLiiBTBD,  Chablbs  S.  May  3,  1916 

Supt.  Monterey  Co.  Water  Wks.,  Pacific  Grove,  Cal. 

Obcbabd,  Wiluam  J.  Aug.  1, 1917 

San.  Engr.,  137  Centre  St.,  New  York,  N.  Y. 

Obb,  Albxandbb.  C.E.  July  18, 1907 

Ch.  Engr.  Water  Wks.,  Gloversville,  N.  Y. 

Ott,  £.  W.  June  13,  1916 

Supt.,  23  Court  St.,  Cortland,  N.  Y. 

OwBNs,  Robbbt  B.,  B.A.,  B.E.  Apr.  22,  1914 

Govt.  Bldgs.,  Edmonton,  Alberta,  Can. 

Pabkbe,  C.  B.  Deo.  30, 1914 

Asst.  Supt.  Pipe  System,  Hackensack  Water  Co., 
Weehawken,  N.  J. 

Paekbr,  Chablbs  T.  Apr.  21,  1916 

Ch.  Engr.  Alton  Water  Co.,  346  Jefferson  St., 
Alton,  111. 

Parr,  S.  W.  Apr.  21,  1916 

Prof.  App.  Chemistry,  Univ.  of  111.,  Urbana,  111. 
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Pate,  R.  L.  June  10,  1911 

Mgr.  aty  Water  Co.,  Springfield,  Mo. 

Patrick,  Charles  G.  May  3,  1910 

Genl.  Mgr.,  Goldfield  Water  Co.,  P.  O.  Box  829, 
Goldfield,  Nev. 

Patterson,  W  m.  G.  May  14,  1915 

Supt.,  20  Gerald  Ave.,  Highland  Park,  Mich. 

Patton,  W.  a.  June  7, 1904 

Prest.  &  Mgr.  Water  Co.,  Catlettsburg,  Ky. 

Patton,  W.  S.  May  10,  1917 

Secty.  Ashland  Water  Wks.  Co.,  Ashland,  Ky. 

Patbon.  Edgar  R.  June  27, 1905 

Mgr.  Water  Wks.,  93  Exchange  St.,  Portland,  Me. 

Pbarse.  Lanodon  June  24,  1918 

The  San.  Dist.  of  Chicago,  Karpen  Bldg.,  900  S. 
Michigan  Ave.,  Chicago.,  111. 

Peart,  John  Oct.  9,  1916 

Water  Supply  Engr.,  Met.  W.  S.  &  S.  Bd.  Brisbane, 
Queenslana. 

Peck,  Rrmon  M.  July  18,  1907 

Cons.  Engr.,  Rm.  33,  26  State  St.,  Hartford,  Conn. 

Pbdroso,  Alex.  M.,  M.D.  May  1, 1917 

40  Jos^  Bonifacio,  San  Paulo,  Braail. 

Pbrrow,  Mosbt  Garland  May  1, 1917 

Health  Officer,  Lynchburg,  Va. 

Pbrrt,  WiLLTAM  Juue  26, 1886 

Hyd.   Engr.,  Maplewood  Ave.,  Cote  des  Neiges, 
Montreal,  Quebec. 

Peter,  W.  F.  May  3,  1916 

Supt.  Seymour  Water  Co.,  Sejrmour,  Ind. 

Peterson,  Edward  June  10, 1911 

Mgr.  Water  Wks.  &  Lt.  Plant,  Crookston,  Minn. 

Phelps,  Earle  B.  Oct.  23, 1914 

Chem.   Hyg.   Lab.,   25th  &  E  Sts.,   Washington, 
D.  C. 

Phillips,  Clipford  French  Apr.  9,  1915 

Cons.  Engr.,  801  Internat.  Life  Bldg.,  St.  Louis,  Mo. 

Phillips,  Hiram  June  4, 1912 

Cons.  Engr.,  715  Internat.  Life  Bldg.,  St.  Louis,  Mo. 

Phillips,  T.  C.  June  27, 1906 

Water  Wks.  Engr.,  1003  City  Hall,  Chicago,  111. 
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PiRNix,  Malcolm  May  10,  1917 

Ist  Lieut.  R.  T.  C,  N.  A.,  Am.  Exp.  Forces. 

Pitcher,  F.  H.  June  27, 1906 

Gen.  Mgr.  &  Ch.  Engr.,  Montreal  Water  &  Power 
Co.,  Place  D'Armes  Square,  Montreal,  Can. 

PiTNBT,  FRaDBBic  V..  C.E.  Nov.  19, 1914 

21  South  St.,  Morristown,  N.  J. 

Plamondon,  Adribn,  C.E.  Mch.  27,  1916 

Engr.  and  Contr.,  70  St.  James  St.,  Montreal,  Can. 

Plattnbr,  William  Apr.  27, 1910 

Cons.  Engr.,  North  Attleboro,  Mass. 

Poland,  John  A.  Oct.  23,  1917 

Secty.  &  Atty.,  Gas.  Lt.  &  Wtr.  Co.,  Chillicothe,  O. 

Pollard,  Seaburt  G.  June  4,  1912 

Cons.  Engr.,  3422  Burch  Ave.,  Cincinnati,  O. 

Pollard,  W.  D.  May  18, 1892 

Genl.  Mgr.  Pottsville  Water  Co.,  Pottsville,  Pa. 

PoBTBR,  D.  p.  Oct.  9,  1916 

Supt.  Water  Wks.,  1602  E.  8th  St.,  Pueblo,  Col. 

PoTTBR,  Albxandbb  July  18, 1907 

Cons.  Engr.,  60  Church  St.,  New  York,  N.  Y. 

PoTTBR,  Charlbs  S.  Apr.  27,  1910 

Purch.  Agt.  Water  Co.,  Louisville,  Ky. 

Potts,  Clydb  July  10, 1906 

C.  &  San.  Engr.,  30  Church  St.,  New  York,  N.  Y. 

Powell,  Albxandbr  C.  Apr.  27,  1910 

Chem.  Bangor  Filter  Plant,  Bangor,  Me. 

Powell,  Sheppard  T.  July  10,  1906 

Chem.  Baltimore  Co.  Water  &  Electric  Co.,  100  W. 
Fayette  St.,  Baltimore,  Md. 

Powers,  Jbromb,  C.  E.  Mch.  11,  1917 

Ist  Lieut.  24th  Engrs.,  U.  S.  R.,  Am.  Exp.  Forces. 

Pownall,  William  A.  May  5.  1915 

Water  Engr.  Wabash  R.  R.,  Decatur,  111. 

Pracy.  Geo.  Wesley  May  14,  1915 

Asst.  Supt.  Dept.  Operation  and  Maintenance,  2477 
21st  Ave.,  San  Francisco,  Cal. 

Pratt,  Charles  May  .14,  191 

City  Engr.  &  Supt.  Water  Wks.,  1315  S.  Santa  F6 
Ave.,  Chanute,  Eans. 

Pratt,  Gilbert  H.  June  8,  1916 

Chem.  and  San.  Engr.,  Box  A,  Nutley,  N.  J. 


Digitized  by  VjOOQIC 


66  ACTIYB  UaifBBBS 

Prat,  John  W.  June  24,  191S 

Supt.  Water  Wks.,  Ft.  Dodge,  la. 

Prigs,  W.  H.  May  23,  1916 

Genl.  Mgr.,  Etowah  Water  &  Lt.  Co.,  Box  628,  Eto- 
wah, Tenn. 

Princb,  Gborgb  T.,  C.E.  July  10, 1916 

Omaha  Water  Bd.,  Omaha,  Neb. 

Pbobabco,  Sbldbn  R.,  C.E.  Apr.  14,  1916 

Burlington,  N.  J. 

Provobt,  Andrbw  J.,  Jr.  M*y  12, 1906 

San.  Expert  &  Hyd.  Engr.,  'j9-41  W.  38th  St.,  New 
York,  N.  Y. 


Prubtt,  G.  C,  C.E.  Feb.  26,  1914 

lont. 


City  Engr.  &  Supt.  Water  Wks.,  Box  673,  Miles  City, 
Mo 


PuQH,  Marshall  R.,  C.E.  Apr.  27, 1910 

Major  21st  Engrs..  Am.  Exp.  Forces. 

PuRDT,  J.  H.  May  27, 1806 

c/o  Amer.  Water  Wks.  &  Elect.  Co.,  50  Broad  St., 
New  York,  N.  Y. 

QuATLB.  LbRot  a.  June  28, 1916 

M!ech.  Engr.,  Water  Dept.,  1455  W.  98th  St.,  Cleve- 
land, Ohio. 

Quick,  ALrRBD  Mbrritt,  C.E.  June  18, 1901 

725  Munsey  Bldg.,  Baltimore,  Md. 

QuiMN,  M.  P.  May  12, 1914 

Fidelity  Bldg.,  Philadelphia.  Pa. 

Racb,  Josbfh  May  12, 1914 

City  Bact.  &  Chem.,  Ottawa,  Can. 

Radbr,  R.  p.  May  12, 1906 

Supt.  Lehigh  Water  Co.,  Easton,  Pa. 

Rapfo,  Bartolomb  M.  Oct.  25,  1917 

Ing.  de  las  Obras  Sanitarias  de  la  Nacion,  Calle  Mor- 
eno 2602,  Buenos  Aires,  R.  Argentina 

Rainb,  J.  M.  May  12, 1906 

Supt.  Water  Wks.,  Lebanon,  Ky. 

Raubbt,  Wiluam  H.  C.  May  6,  1916 

Upland  &  Oakland  Terrace,  Bala,  Pa. 

Rafp,  W.  M.  May  17, 1899 

Supt.  Constr.  Water  Dept.,  Atlanta,  Ga. 

Randall,  W.  H.  June  8,  1909 

Supt.  Maintc.,  Wtr.  Wks  Dept.,  188  Albany  Ave., 
Toronto,  Ont. 
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RsAGANf  John  F.,  Jr.  July  10, 1006 

1137  Park  Ave.,  Utica,  N.  Y. 

Reotor,  Frank  Lssux,  M.D.  Apr.  16,  1914 

Bacteriologist,  227  Fulton  St.,  New  York,  N.  Y. 

Rbbd,  D.  A.  June  24,  1918 

Mgr.  Water  &  Light  Dept.,  Duluth,  Minn. 

Ebbs,  S.  P.,  C.  E.  May  9,  1917 

170  Sprague  Ave.,  Pittsburgh,  Pa. 

Rbid,  Walter  Apr.  19,  1916 

Supt.  Water  Wks.,  Springfield,  111. 

Reimer,  Arthur  A.  May  12,  1908 

45  So.  Maple  Ave.,  East  Orange.  N.  J. 

Rblph,  O.  S.  May  14,  1915 

Supt.  San.  Jos6  Water  Co.,  San  Jos^,  Cal. 

Rbtbb.  Gbobgb  Apr.  16, 1884 

Supt.  Water  Wks.,  Nashville,  Tenn. 

Rhtnus,  Clarbncb  Paulding  June  4, 1913 

Asst.  San,  Engr.,  U.  S.  Hyg.  Lab.,  Washington,  D.  C. 

Rice,  P.  D.  May  14,  1915 

Engr.  Redwood  Mfrs.  CJo.   1600  Hobart  Bldg., 
San  Francisco,  Cal. 

Richards,  Arthur  Nov.  23,  1915 

Cons.  Engr.  Richards  Engrg.  Co.,  37^  E.  Long  St., 
Columbus,  Ohio. 

RiDBR,  JosBFH  B.  May  12,  1914 

Cons.  Engr.,  29  Broadway,  New  York,  N.  Y. 

Ringness,  Henrt  Apr.  23,  1915 

Asst.  to  Mgr.  Peoria  Water  Wks.  Co.,  143-5  N. 
Jefferson  St.,  Peoria,  111. 

RiTCHiB,  Edgar  Gowar  June  24,  1915 

Engr.  of  Water  Supply,   Met.  Bd.  of  Wks.,  Mel- 
bourne, Australia. 

RoRERTS,  Earl  I.  Jan.  7,  1918 

Asst.  Engr.  State  Dept.  of  Hlth.,  Columbus,  Ohio. 

RoBBRTS,  William  J.  Oct.  23,  1914 

Ch.  Engr.  Inter-County  River  Improvement,  401 
Court  House,  Tacoma,  Wash. 

Robinson,  Leonard  C.  July  18, 1907 

Supt.  Water  &  Sewer  Dept.,  Concord,  Mass. 

Robinson,  William  P.  June  8, 1897 

Chrmn.  Bd.  of  Dir.,  The  Denver  Union  Water  Co., 
Denver,  Colo. 
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Rodman,  George  Edward  Feb.  10,  1917 

Asst.  Engr.  Dept.,  W.  S.  G.  &  E.,  317  W.  99th  St., 
New  York,  N.  Y. 

RoHBBACH,  WiLUAM  R.  July  10,  1906 

Mgr.  Sunbury  Water  Co.,  Sunbury,  Pa. 

RoMiG,  C.  O.  Oct.  23,  1917 

Secty.  &  Supt.  Wtr.  Sup.  Co.,  Dennison,  O. 

RooB,  Charles  M.  June  24,  1918 

Supt.  Cairo  Water  Co.,  Cairo,  111. 

Rosenthal,  Helman  June  26,  1918 

Supt.  &  Chf.  Chmet.,  Wtr.  Purif .  Plant,  Dallas,  Tex. 

Rosbntrbter,  Hbrm am      __         „  _  _  fAoh.  12, 1908 

"tin.  Asst.  '    "  '  — 

Newark, 


Prin.  Asst.  Engr.  of  Wks.,  Water  Dept.,  City  Hall, 

Tc,  N.  J. 


Ross,  Charles  H.  July  10, 1906 

Supt.  Water  Dept.,  Brockport,  N.  Y. 

Robs,  R.  A.  June  15, 1914 

Cons.  Engr.,  80  St.  Francis  Xavier  St.,  Montreal, 
Can. 

RuDDBROW,  Maurice  B.  June  25,  1914 

Mgr.  Merchantviile  Water  Co.,  Merchaniville,  N.  J. 

Rub,  J.  A.  Apr.  14,  1916 

Supt.  Mattoon  Clear  Water  Co.,  1217  Marshall  Ave., 
Mattoon,  111. 


RuoE,  Bbrnard  a.  June  15,  1917 

^ecty.-Treas.  Ward  Cfi  '  -   -  - 

Engrs.,  Tarrytown, 


Secty.-Treas.  Ward  Carpenter  &  Co.,  Cvil.  &  Constg. 
wHf  N.  Y. 


RxTSSELL,  Norman  F.  S.  Dec.  22.  1915 


ELL, 

142 


1  Chestnut  St.,  Philadelphia,  Pa. 

Rust,  C.  H.  June  24, 1903 

National  Club,  Bay  St.,  Toronto,  Ont. 


Ruttan,  H.  N.  May  12,  ms 

-    g.  Genl.  r       • '*     * 

lanitoba 


Brig.  Genl.  Cmndg.  M.  D.,  No.  10,  Winnipeg, 
Ma  •     ■ 


Ryan,  William  G.  Apr.  27,  1910 

San.  Engr.,  34  West  St.,  Florence,  Mass. 

Saokbtt,  Robert  L.  June  24, 191S 

Dean,  School  of  Engrg.,  Pa.  State  College,  State  Col- 
lege, Pa. 

Salmon,  C.  B.  June  11, 1902 

Pub.  Util.  Broker,  Beloit,  Wis. 

Salmond,  Jambs  J.  July  18, 1907 

Mgr.  Canadian  Engineer,  62  Church  St.,  Toronto, 
Ont. 
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Sando,  Will  J.  June  27, 1905 

Cons.  Engr.,  133S-39  Wells  Bldg.,  Milwaukee,  Wis. 

Sands,  Chables  G.  May  13,  1916 

Supt.  Gt.  South  Bay  Water  Co.,  Bay  Shore,  N.  Y. 

Sanzbnbachbr,  Gborgb  June  27, 19(Mr 

Engr.  &  Supt.  Dept.  of  Water,  Newark,  N.  J. 

Sargent,  George  H.  Apr.  12,  1916 

Supt.  Water  Wks.  &  City  Engr.,  La  Grange,  Ga. 

Saundbrs,  Frederick  Waltbr  Thbodors  May  12, 1906 

Port  Augusta,  South  Australia. 

Saville,  Caleb  Mills  Mch.  26,  1918 

" "  r.  &  Chf.  Engr    " 

lartford,  Conn. 


Mgr.  &  Chf.   Engr.  Wtr.  Wks.,  Pilgara  Building, 
Ha  "    ~ 


Sawin,  Luther  R.  Aug.  3,  1916 

Bact.  in  Chge.  of  Mt.  Kisco  Lab.,  Mt.  Kisco,  N.  Y. 

Satbr,  Fred  D.  Apr.  22,  1914 

Borough  Engr.  &  Supt.  of  Water,  Brook ville,  Jef- 
ferson Co.,  Pa. 

ScARTH,  Staniland  Aug.  18,  1916 

Supt.  Water,  Sewer  &  Lt.,  Newark,  N.  Y. 

ScHARFF,  Maxtricb  R.  May  12,  1914 

1st  Lieut.  E.  O.  R.  C,  Am.  Exp.  Forces. 

BcHAUP.  Charlbs  E.  May  12,  1914 

Cons.  Engr.,  36  S.  17th  St.,  Harrisburg,  Pa. 

Schnellbach,  J.  F.  Feb.  14, 1917 

Asst.  Engr.  111.  State  Water  Survey,  Rm.  67,  Chem- 
istry Bldg.,  Urbana,  111. 

Scholz,  Robert  O.  Mch.  1,  1916 

Asst.  Engr.  Dept.  of  Water,  45  Seymour  Ave.,  New- 
ark, N.  J. 

ScHXJLj.  C.  F.  July  10, 1906 

Cons.  Engr.,  1906  E.  106th  St.,  Cleveland,  Ohio. 

ScHWABB,  Walter  P.  Nov.  1, 1914 

Prest.  &  Mgr.  The  Thompsonville  Water  Co.,  16 
Central  St.,  Thompson vifle.  Conn. 


Schwartz,  Frederick  W.  July  18, 1907 

439  Hamilton  St.,  Albany,  N.  Y. 

Schwinn,  Phil  May  1,  1918 

Genl.  Mgr.  City  Wtr.  Wks.,  Dubuque,  la. 

Scott,  Walter  M.  Mch.  28,  1914 

Cons.  Engr.,  188  Montrose  St.,  River  Heights,  Win- 
nipeg, Manitoba. 

Sbibbrt,  Josbph  Juxm  4. 1912 

Supt.  Water  Wks.,  St.  Cloud,  Minn. 
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Sbmans.  Carl  R  June  8,  1904 

Mgr.  Water,  Lt.  &  Power  Co.,  Washington,  Ind. 

Sbnior,  Samusl  Pauibb  July  10, 1006 

V.-Prest.    &   Engr.    Bridgeport    Hydraulic    Co., 
*  Bridgeport,  Conn. 

Sharp,  John  T.,  Jr.  Apr.  27,  1910 

Supt.  Elect.  Lt.  &  Water  Co.,  Canton,  Miss. 

Shaw,  A.  W.  June  10,  1911 

Supt.  Water  Wks.,  Brandon,  Manitoba,  Can. 

Shaw,  F.  H.  May  12, 1906 

Civil,  Hyd.   &  San.   Engr.,  310   Breneman  Bldg., 
Lancaster,  Pa. 

Shaw,  Jkssb  June  8,  1916 

Supt.  City  Water  Wks.,  Topeka,  Kan. 

Shaw,  Walter  A.  July  10,  1916 

State  Pub.  Util.,  1609  Farwell  Ave.,  Chicago,  III. 

Shepard,  James  A.  Apr.  20,  1918 

Supt.  Bisbee-Naco  Water  Co.,  Bisbee,  Ariz. 

Shbphbrd,  a.  B.  May  27, 1896 

2d  V.-Prest.  Woodlawn  Water  Co.,  Pittsburgh,  Pa. 

Shbpperd,  F.  W.  Apr.  18, 1888 

Fire  and  Water  Engineering,  154  Nassau  St.,  New 
York,  N.  Y. 

Shbrman,  Charlbs  W.  May  12,  1914 

Cons.  Engr.,  14  Beacon  St.,  Boston,  Mass. 

Shbam AN.  Richard  U.  Apr.  27,  1910 

87  Utica  City  Natl.  Bk.  Bldg.,  Utica,  N.  Y. 

Sherman,  Richard  W.  Apr.  20,  1918 

Cons.  Engr.,  104  S.  Lake  Ave.,  Albany,  N.  Y. 

Shbrman,  Walter  J.,  C.E.  May  12,  190K 

The  W.  J.  Sherman  Co.,  Toledo,  Ohio. 

Shbrrbrd,  Morris  R.  June  7,  1897 

Ch.  Engr.  St.  &  Water  Comn.,  City  Hall,  Newark, 

N.  J. 

Shiblbt,  Kenneth  Sept.  27,  1915 

C.  &  Hyd.  Engr.,  1218  Merchants  Exch.,  San  Fran- 
cisco, Cal. 

Shiblds,  W.  S.  May  17, 1899 

1201  Hartford  Bldg.,  Chicago,  111. 

Shobmakbr,  G.  E.  June  10, 1911 

Secty.  Water  Wks.,  Waterloo,  la. 

Showell,  Edward  B.,  Jn.  June  24,  1913 

du  Pont  Powder  Co.,  City  Point,  Va. 
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SxDDOKB,  Joseph  S.  V. 

Supt.  Torresdale  Filters,  1648  Dyre  St.,  Philai 
phia,  Pa. 

SiSBBK,  William 

Supt.  Water  Wks.,  Henderson,  Ky. 

8iBM8,  V.  Bernard 

Res.  &  Actg.  Pitometer  Ener.,  Water  Dept.,  1408 
Chase  St.,  Baltimore,  Md. 

SiMONDS,  Fred  W. 

City  Engr.  &  Supt.  Water  Works,  Rahway,  N.  J. 

Sjoblom,  M.  C. 

Asst.   Engr.   State  Bd.   of  Health,  State  Capi 
Springfield,  111. 

Sluttbr,  E.  W. 

Supt.  Water  Wks.,  Herkimer,  N.  Y. 

Smith,  Alva  J. 

City  Engr.  &  Supt.  of  Water,  Emporia,  Kans. 

Smith,  Arthur  H. 

Engr.,  The  Calco  Chemical  Co.,  Bound  Brook,  N 

Smith,  Charles  H.,  M.E. 

802  Grosvenor  Bldg.,  Providence,  R.  I. 

Smith,  Charles  Walter 

336  Miller  St.,  North  Sydney,  N.  S.  W.,  Australit 

Smith,  £.  H. 

Mgr.  N.  J.  Water  Serv.  Co.,  3  Ellis  St.,  Haddonfi< 
N.J. 

Smith,  Gordon  Z. 

c/o  Bridgeport  Hydraulic  Co.,  Bridgeport,  Com 

Smith,  J.  J. 

City  Engr.,  433  Maple  Ave.,  Grand  Forks,  N.  D. 

Smith,  J.  Waldo 

Ch.  Engr.  Bd.  of  Water  Supply,  Municipal  Blc 
New  York,  N.  Y. 

Smith,  Karl  H. 

Supt.  Elect.  Lt.  &  Water  Wks.,  Grafton,  N.  D. 

Smith,  L.  B. 

Mgr.  Westmoreland  Water  Co.,  Greensburg,  Pa. 

Smith,  Leon  A. 

Supt.  Water  Wks.,  City  Hall,  Madison,  Wis. 

Smith,  Merrett  Haviland 

Col.  104th  F.  A.,  Am.  Exp.  Forces. 

Smith,  Owen  T. 

Supt.  Water  Wks.,  Freeport,  III. 
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Smith,  R.  J.  June  10, 1911 

Supt.   Canadian    Elect.   Water  Power  Co.,   Ltd., 
Perth,  Ontario. 

Smith,  W.  Z.  Apr.  27, 1910 

Genl.  Mgr.  Water  Wks.,  442  Luckie  St.,  Atlanta,  Ga. 

Smoot,  L.  D.  June  4, 1913 

Capt.  Q.  M.  C,  N.  A.,  Camp  A.  A.  Humphreys,  Va. 

Snbll.  Gborob  H.  July  10, 1906 

4d  County  St.,  Attleboro,  Mass. 

Solomon,  Gabriel  Roberts  Jime  24, 1913 

Cons.  Engr.,  1622  Candler  Bldg.,  Atlanta,  Ga. 

SONDBREOGBR,  ARTHUR  L.  June  10,  1911 

Cons.  Engr.,  635  Central  Bldg.,  Los  Angeles,  Cal. 

Spalding,  Gborgb  R.  Mch.  28,  1914 

Chem.  Hackensack  Water  Co.,  New  Milford,  N.  J. 

Spaulding,  W.  J.  Nov.  1,  1914 

Commissioner,  Springfield,  111. 

Spear,  Walter  E.  Jan.  12, 1915 

Major  U.  S.  R.,  Officer  in  Chge.  of  Utilities,  Camp 
Upton,  N.  Y. 

Spbrrt,  Walter  A.  Dec.  30, 1914 

Chem.  Filtn.  Plant,  Grand  Rapids,  Mich. 

Spiller,  H.  C.  Jnly  24,  1918 

Piest.  Jackson  Wtr.  Sup.  Co.,  27  State  St.,  Boston, 
Mass. 

Spire,  Leonard  S.  July  24,  1918 

Hyd.  &  Valve  Recorder,  Bur.  Water,  50  Lakeview 
Ave.,  Buffalo,  N.  Y. 

Stainton,  H.  Aug.  3,  1916 

Waterworks  Insp.,   Western  Canada  Fire  Under- 
writers Assn.,  Box  2973,  Winnipeg,  Man. 

Stanfibld,  a.  C,  C.E.  Jan.  12, 191S 

Pana,  111. 

Stbabns,  Habrington  p.  Jan.  27,  1914 

c/o  Queens  County  Water  Co.,  Far  Rockaway,  N.  Y. 

Stbblb,  J.  A.,  Jr.  Mch.  14,  1916 

Mgr.  City  Water  Wks.,  Vicksburg,  Miss. 

Stephbn,  Charlbs  Apr.  14,  1916 

Lieut.  Cmdg^  R.  N.,  Naval  Royal,  H.  M.  S.  "Skatej" 
London,  Eng. 

Stbrling,  Job  C.  June  24, 190S 

Supt.  Water  Wks.,  Munroe,  Mich. 
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Stbvbns,  Harold  C.  May  12,  1914 

Cons.  Engr.,  150  Nassau  St.,  New  York,  N.  Y. 

Stevens,  Harry  May  13,  1916 

Cons.  Engr.  Union  Tr.  Bldg.,  Washington,  D.  C. 

Stone,  E.  W.  Oct.  9,  1916 

Analyst,  Pueblo  Water  Wks.,  Box  818,  Pueblo,  Col. 

Stone,  R.  D.  Dec.  22,  1916 

Prest.  &  Mgr.,  400  Chestnut  St.,  Philadelphia,  Pa. 

Storrie,  William  May  8,  1915 

Ch.  Engr.,  John  ver  Mehr  Engineering  Co.,   154 
Simcoe  St.,  Toronto,  Ont. 

Stover,  Frederick  H.  June  4, 1912 

Crescent  Hill  Filter,  Louisville,  Ky. 

Streeter,  C.  H.  May  8,  1916 

Supt.  Water  &  Elect.  Plants,  Cedar  Falls,  la. 

Streeter,  H.  W.  May  8,  1916 

San.  Engr..  U.  S.  Hyg.  Lab.,  25th  &  E  Sts.,  Wash- 
ington. D   C 

STROMtjuisT,  W.  G.  Oct.  26,  1914 

U.  S.  Pub.  Health  Serv.,  3d  &  Kilgour  Sts.,  Cincin- 
nati, Ohio. 

Strothman,  L.  E.  Apr.  27, 1910 

Mgr.  Pumping  Eng.  &  Steam  Turb.  Dept.,  Allis- 
Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Stttrges,  Lee  Mch.  4,  1916 

Prest.  Ehnhurst  Spring  Water  Co.,  Elmhurst,  111. 

Sullivan,  C.  J.  June  24,  1913 

Supt.  Water  Wks.,  319  2d  Avenue  N.,  Chisholm, 
Minn. 

Sumner,  Guilford  H.,  M.D.  May  29,  1916 

Secy.  Iowa  State  Bd.  of  Health,  Des  Moines,  la. 

SuRVETER,  Arthur  Apr.  14,  1916 

Cons.  Engr.,  274  Beaver  Hall  Hill,  Montreal,  Can. 

SuTBR,  Russell,  Oct.  16,  1914 

Capt.  E.  O   R.  C  ,  Am.  Kxp   Forces. 

Sweet,  E.  O.,  C.E.  May  30,  1916 

Birmingham  Water  Wks.  Co.,  1106i  Virginia  Ave., 
Birmingham,  Ala. 

SwiTZBR,  John  A.  May  14,  1916 

Cons.  Engr.,  Prof.  Hyd.  &  San.  Engrg.,  Univ.  of 
Tenn.,  Knoxville,  Tenn. 

Sylvester,  Elbert  W.  June  3,  1916 

City  Engr.  &  Supt.  Pub.  Wks.,  Poughkeepsie,  N.  Y. 
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Stiions,  M.  M.  Apr.  19,  1915 

Ch.  Engr.  Interstate  Water  Co.,  1009  W.  Fairfield 
St.,  Danville,  111. 

Tabbr,  Gboroe  a.  June  4,  1912 

Cons.  Engr.,  Park  Row  Bldg.,  New  York,  N.  Y. 

Talbot,  Arthur  N.  Aug.  22, 1894 

Prof.  Municipal  &  San.  Engrg.,  Univ.  of  111.,  Ur- 
bana,  111. 

Talbott,  Frank  June  7, 1904 

Supt.,  Secty.,  &  Treas.  Water  Wks,  Danville,  Va. 

Tanner,  Frbd  W.,  Ph.D.  Nov.  i,  1914 

Bact.  Dept.,  365Chom.  Bldg.,  Univ.  of  111.,  Urbana, 
111. 

Tarr,  H.  G.  H.  June  10, 1911 

400  Chestnut  St.,  Philadelphia,  Pa. 

Tatlor,  Hbnrt  W.  Jan.  27,  1914 

Hyd.  &  San.  Eng.,  26  Cortland  St.,  New  York,  N.  Y. 

Tatlor,  Georqb  R.  May  12, 1908 

San.  Chem.,  115  Wyoming  Ave.,  Scranton,  Pa. 

Tatlor,  Samubl  A.  June  10, 1902 

Cons.  A  Constr.  Engr.,  6th  Floor,  2d  Natl.   Bk. 
Bldg.,  Pittsburgh,  Pa. 

Tatlor.  W.  E.  July  18.  1903 

Ch.  Engr.  Water  Co.,  Water  St.  &  Big  4,  Terre 
Haute,  Ind. 

Thater,  Frederick  C.  May  12, 1908 

Prest.  Kennebec  Water  Dist.,  Waterville,  Me. 

Thomas,  D.  G.  June  8, 1909 

Ch.  Engr.,  The  Denver  Union  Water  Co.,  Denver. 
Colo. 

Thomas,  Robbrt  J.  May  16, 1900 

Supt.  Wtr.  Wks.,  85  11th  St.,  Lowell,  Mass. 

Thompson,  Charles  N.  May  12.  1914 

Gen.  Mgr.  Bucks  Hill  Water  Co.,  Bucks  Hill  Falls, 
Pa. 

Thorne,  Milton  Apr.  14,  1916 

Supt.  Portland  Water  Dist.,  8  Lightfoot  St.,  Port- 
land, Me. 

Thornell,  Joseph  B.  Oct.  16.  1916 

Chem.   Broadway  Piunping  Sta.,   Council   BluiTs, 
Iowa. 

TiGHE.  James  L.  Apr.  17, 1889 

Cons.  Engr.,  189  High  St.,  Holyoke,  Mass. 
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TiLDBN,  Jambs  A.  Apr.  17, 1889 

Mech.  Engr.  Hersey  Mfg.  Co.,  Boston,  Mass. 

TiSDALB,  Ellis  S.  Oct.  18, 1916 

Aist.  Engr.  San.  Engrg.  Div.,  State  Dept.  of  Health, 
Charleston,  W.  Va. 

ToAL,  D.  C.  June  24,  1903 

Ed.  Water  and  Gas  Review,  35  Warren  St.,  New  York, 

N.  Y. 

Todd,  William  June  18, 1901 

Supt.  Elect.  Lt.  &  Water  Wks.,  Austin,  Minn. 

Tollbs,  Frank  C.  Mch.  1,  1916 

Ist  Lieut.  Co.  E.,  112th  Engrs.,  Am.  Exp  Forces. 

Tolman,  Mayo  Jan.  12,  1916 

Dir.  Div.  of  San.  Engrg.,  W.  Va.  State  Dept.  of 
Health,  Charleston,  W.  Va. 

ToLSON,  Albert  Jan.  28,  1916 

Supt.  of  Filters,  Bur.  of  Water,  Philadelphia,  Pa. 

Tomlinson,  Sam  July  14, 1887 

100  Kobinson  Rd.,  Singapore,  S.  S. 


TowNMBT,  David  H.  _  ^  May  30,  1916 

tr.,  Elixabethto         '         ^ 
lliaabeth,  N.  J. 


Engr.,  Elixabethtown  Water  Co.,  139  Murray  St., 
Elia 


TowNSBND,  E.  R.  July  10, 1906 

Hyd.  Engr.,  175  W.  Jackson  Blvd.,  Chicago,  111. 

ToYim,  J.  W.  May  12,  1914 

Capt.  Q.  M.  C.  Camp  Custer,  Mich. 

Tbautwinb,  John  C.  Jr.,  C.E.  May  27, 1896 

257  S.  4th  St.,  Philadelphia,  Pa. 

Travis,  F.  M.  July  30, 1917 

Prest.,  The  Torrington  Water  Co.,  77  Church  St., 
Torrington,  Conn. 

Trax,  E.  C.  June  10, 1911 

Chem.,  Filtn.  Plant,  McKeesport,  Pa. 

Trbanor,  Paul  W.  Apr.  30,  1918 

Comr.  of  Water  Works,  Nashville,  Tenn. 

Trbthowan,  H.  C.  May  12,  1915 

Under  Seoty.  for  Water  Supply,  56  James  St.,  Perth, 
W.  Australia. 

Tribus,  Louis  Lincoln,  C.E.  May  12, 1906 

15  Park  Row,  New  York,  N.  Y. 

Trow,  Lindbn  C.  June  4, 1912 

Supt.  Water  Wks.,  Lake  Forest,  111. 
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TuTTLB,  Abthur  S.  July  10. 1906 

Asst.  Ch.  Engr.  Bd.  of  Est.  &  Apport.,  Municipal 
Bldg.,  New  York,  N.  Y. 

Van  Dbusbn,  W.  P.  Feb.  24,  1917 

Bact.  and  Chem.,  Water  Wks.  Dept.,  3510  Architect 
Ave.,  N.  E.,  Minneapolis,  Minn. 

Van  Gildbr.  L.  July  10, 1906 

Engr.  &  Supt.  Water  Dept.,   City  Hall,  Atlantic 
(Sty,  N.  J. 

Van  Loan,  Sbth  M.  May  12,  1914 

4334  Pine  St.,  Philadelphia,  Pa. 

VAN  Trump,  S.  N.  Feb.  8.  1916 

Asst.  Engr.  &  Supt.  Water  Wks.,  Wilmington,  Del. 

Vasconcellos,  Joshua  May  3,  1910 

Comnr.  of  Pub.  Prop.,  City  Hall,  Jacksonville,  III. 

Vbatch,  Francis  M.  Oct.  4,  1916 

Asst.  Engr.,  Kansas  State  Bd.  of  Health,  Lawrence, 
Kan. 

Vbatch,  N.  T.,  Jr.  Dec.  20,  1915 

Cons.  Engr.,  507  Inter-State  Bldg.,  Kansas  City,  Mo. 

Vbrmbulb.  Cornelius  C,  C.E.  June  8, 1909 

203  Broadway.  New  York,  N.  Y. 

Vbst.  \V.  E.  June  10,  1911 

Supt.  Water  Wks.,  Charlotte,  N.  C. 

ViNAL,  C.  H.  June  24,  1913 

Cons.  Engr.,  622  68th  St.,  West  Allis,  Wis. 

VOLKHARDT.  WiLLIAM  JUH©   11,  1902 

16  Townsend  Ave.,  Stapleton,  N.  Y. 

VroomaN;  Morrell  June  24,  1913 

San.  Engr.,  Gloversville,  N.  Y. 

Wadsworth,  G.  a.  June  26,  1918 

Supt.  Water  Dept.,  Evanston,  111. 

Wagbnhals,  Herbert  H.  Aug.  24,  1915 

U.  S.  Pub.  Health  Serv.,  3d  &  Kilgour  Sts.,  Cin- 
cinnati, Ohio. 

Wagner,  Bernard  M.  Nov.  24,  1914 

Cons.  Engr.,  11  Broadway,  New  York,  N.  Y. 

Waqner,  E.  G.  Dec.  30, 1916 

Supt.  Water  Wks.  City  Hall,  Lewiston,  Idaho. 

Wagner,  H.  F.  May  12,  1914 

Chem.,  Bur.  of  Water,  Lab.,  Col.  F.  G.  Ward  Sta., 
Buffalo,  N.  Y. 
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Supt.  &  Ch.  Engr.,  100  W.  Fayette  St.,  Baltimoi 


Waldbn,  a.  E. 
~    )t.  " 
Id 


Walksr,  Elton  D. 

Capt.  Co.  A,  16th  U.  S.  Engrs.,  Am.  Exp.  Forces. 

Wall,  Edward  E. 

Water  Comnr.,  312  City  Hall,  St.  Louis,  Mo. 

Wallace,  Robert  B. 

Water  Wks.  Trustee,  Council  Bluffs,  la. 

Walradt,  Arthur  E. 

26  Liberty  St.,  New  York,  N.  Y. 

Warder,  Charles 

Supt.  Water  Wks.,  Niagara  Falls,  Ont. 

Wardlb,  Andrew  Nelson 

Asst.  Engr.  Div.  of  San.  Engrg.,  State  Dept. 
Health,  Charleston,  W.  Va. 

Wardwell,  Everett  C. 

Trustee  Kennebec  Water  Dist.,  Waterville,  Me. 

Waring,  F.  Holman 

Asst.  Engr.,   Div.   of  San.  Engrg.,   State  Bd. 
Health,  Columbus,  O. 

Warner,  G.  H. 

Supt.  Water  Wks.,  St.  Petersburg,  Fla. 

Warner,  William  S. 

Chem.  and  Bact.,  Hotel  du  Pont,  City  Point,  Va. 

Warren,  Charles  E. 

Trustee  Kennebec  Water  Dist.,  Waterville,  Me. 

Waterman,  Fat  L. 

Supt.,  115  Jefferson  Ave.,  Endicott,  N.  Y. 

W ATKINS,  Thomas 

Mech.  Engr.,  Johnstown,  Pa. 

Watters,  George  Lawrence 

Hyd.  Engr.  Lehigh  Valley  R.  R.,  So.  Bethlehem,  P 

Webster,  David  Louis,  M.E. 

Brantford  Water  Co.,  18  Leonard  St.,  Bran tf or 
Ont. 

Webster,  Edwin  Roland 

Cons.  Engr.,  Webster  Bldg.,  Chicago,  111. 

Wegman,  Edward 

Cons.  Engr.,  Park  Row  Bldg.,  New  York,  N.  Y. 

Wehr,  Albert  H. 

Prest.  Baltimore  County  Water  &  Elect.  Co.,  Bal 
timore,  Md. 
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Welker,  Joseph  E. 

Asst.  Engr.,  State  Bd.  of  Health,  University  Club, 
Lawrence,  Kan. 

Wells,  Georqb  M. 

Cons.  Engr.,  40  Wall  St.,  New  York.  N.  Y. 

Wells.  J.  N. 

Supt.  Muncie  Water  Co.,  Muncie,  Ind. 

Werner,  Ray  C 

Dir.  Div.  Wtr.  Anal.,  State  Bd.  of  Hlth.,  Atlanta,  Ga. 

West,  Francis  D. 

Chem.  Torresdale,  Philadelphia,  Pa. 

West.  Geo.  F. 

Prest.  Biddeford  &  Saco  Water  Co.,  Portland,  Me. 

West,  Georqe  M. 

Supt.,  168  First  St.,  Lehighton,  Pa. 

West,  Vernon  F. 

Lieut.  U.  S.  Navy,  Portland,  Me. 

West   ^Varren  G 

Supt.  &  Secty.,  The  Leadville  Wtr.  Co.,  Leadville, 
Col. 

Weston,  Robert  Spurr 

Cons.  San.  Engr.,  14  BeacoL  St.,  Boston,  Mass. 

Wbatovbr.  George  D. 

Genl.  Mgr.  Water  &  Lt.  Co.,  Cadillac,  Mich. 

Wetter,  Clarence  H. 

Supt.  Water  Wks.,  Tiflfin,  Ohio. 

Whbsleb,  Robert  C,  C.E. 

Capt.  Q.  M.  C,  Newport  News,  Va. 

Whbbler.  Samuel 

Supt.  Water  Co.,  Ashland,  Wis. 

Whbelbr.  William 

Cons.  C.  E.,  14  Beacon  St.,  Boston,  Mass. 

Whipple,  George  C. 

Cons.  Ensr.,   Pierce  Hall,  Harvard   Univ.,  Cam- 
bridge, Mass. 

White,  Gilbert  C,  C.E. 
Durham,  N.C. 

Whitlock,  Augustus  N. 

Front  and  Fulton  Sts.,  Chester,  Pa. 

Whitman,  Ezra  B. 

Major  O.  R.  C,  Camp  Meade,  Md. 


Jan.  24,  1916 

June  24,  191S 

July  18, 1907 

June  24,  1918 

Feb.  24,  1914 

June  4, 1912 

Mch.  17,  191« 

June  25,  1914 

Apr.  20,  1918 

June  15, 1896 
June  10, 1911 
July  27,  1916 
Oct.  28,  1914 
June  24, 19(0 
July  10, 1906 
June  7, 1904 

May  12, 1906 

June  4, 1912 

Apr.  27,  1910 
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Whitbit,  Lawrence  C.  _  _  May  10, 1917 

y  Ee 
lich. 


City  Engr.,  110  California  Ave.,  Highland  Park, 


Whittakbr,  H.  A.  June  24,  1914 

Dir.  Div.  of  Sanitn.,  State  Bd.  of  Health,  Minne- 
apolis, Minn. 

WiCKHAM,  James  T.  Apr.  16,  1914 

Royal  Engrs.,  British  Army,  London 

Wight,  H.  C.  May  14,  1915 

Genl.  Supt.,  Div.  of  Water,  Dayton,  O. 

WiOLBT,  CBB6TBB  G.,  C.E.  Apr.  27, 1910 

c/o  Wallace  &  Tiernan  Co.,  137  Centre  St.,  New 
York,  N.  Y. 

Wilcox,  Frank  L.  May  12,  1914 

Cons.  Engr.,  Syndicate  Tr.  Bldg.,  St.  Louis,  Mo. 

Wilcox,  William  F.  Apr.  27,  1910 

Supt.  Central  Water  Wks.,  Ensley,  Ala. 

WiLBB.  C.  W.  May  17,  1899 

Supt.  Water  Wks.,  Delaware,  Ohio. 

WiLHBLM,  E.  G.  Feb.  24,  1917 

Secty.-Treas.  Williamsport  Water  Co.,  Williams- 
port,  Pa. 

WiLHBLM,  George  June  24,  1918 

Ch.  Engr.  East  Bay  Water  Co.,  Oakland,  Cal. 

Will,  Charlbs  K.  Mch.  1,  191« 

Supt.  Water  Wks.,  118  S.  Queen  St.,  Lancaster,  Pa. 

WiLLARD,  Ernest  C,  C.E.  Oct.  23,  1914 

Nortonia  Hotel,  Portland,  Ore. 

WiLLBTT,  J.  F.  May  9,  1915 

138  Wyoming  Ave.,  Billings,  Mont. 

Williams,  Gardnbr  S.  July  10,  1906 

Cons.  Engs.,  Cornwell  Bldg.,  Ann  Arbor,  Mich. 

Williams,  Howard  L.  Aug.  24,  1894 

Supt.  Water  Wks.,  Ludington,  Mich. 

Williamson,  CurF  T.  June  24, 1918 

Chmn.  Bd.  Water  Comnr.,  2554  Houston  Rd.,  Macon, 
Ga. 

WiLLSON,  WiLUAM  Jat  June  8,  1916 

Supt.  Water  Wks.,  Greenwich,  Conn. 


Wilson,  Edqar  K.  _     _  _      J*"^®  24,  1918 

"^rin.  Asst.  E 
New  York, 


Prin.  Asst.  Engr.,  c/o  The  Pitometer  Co.,  25  Ehn  St., 
^^      "    Tc,  N.V. 
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Wilson,  Hobacb  May  12,  1914 

Prest.  &  Genl.  Mgr.,  404  8.  CUsrton  St.,  Wilming- 
ton, Del. 

Wilson.  Jamss  B.  Apr.  14,  1015 

Cn.  Engr.  A  3upt.,  Louisville  Water  Co.,  Louisyille, 
Ky. 

WiLSONj  Jesse  H.,  C.  E.,  June  26,  1918 

City  Engineer,  Idaho  Falls,  Idaho 

Wilson,  John  Apr.  27,  1910 

City  Engr.,  Duluth,  Minn. 

WiiTDBOLZ,  Chablbs  A.  May  30,  1916 

Supt.  Bur.  of  Water,  Syracuse,  N.  Y. 

Wingpibld,  Nisbbt  June  10,  1911 

Cons.  Engr.,  Augusta,  Ga. 

WiNSLOW.  C.-E.  A.  Apr.  21,  1915 

Yale  Medical  School,  New  Hayen,  Conn. 

WiNSLOW,  W.  H.  June  8,  1909 

V.-Prest.  &  Genl.  Mgr.  Superior  Water,  Lt.  &  Power 
Co.,  Superior,  Wis. 

Wolbbbt,  H.  E.  May  30,  1915 

Supt.  N.  Y.  Inter-Urban  Water  Co.,  Mt.  Vernon, 
N.  Y. 

WoLif  AN,  Abel  Mch.  28,  1918 

San.  Engr.,  16  West  Saratoga  St.,  Baltimore,  Md. 

Wood,  Edwabd  R.,  Jb.  Apr.  4,  1916 

Capt.  118th  F.  A.,  Am.  Exp.  Forces. 

Wood,  Henry  H.  June  26,  1918 

Supt.  Water  Works,  City  Hall,  Muskogee,  Okla. 

Wood,  Waltbb  June  7,  1904 

Prest.  Miilville  Water  Co.,  400  Chestnut  St.,  Phila- 
delphia, Pa. 

WooDBUBN,  William  F.  June  24, 1903 

201  Devonshire  St.,  Boston,  Mass. 

WooLPOLK,  Hbnbt  E.  June  4,  1912 

Supt.  Water  Wks.,  Danville,  Ky. 

WoBBELL,  M.  L.  June  24,  1903 

Capt.  Q.  M.  C,  Asst.  Officer  in  Charge  of  Utilities, 
Camp  Logan,  Tex. 

WoBTBBN,  Jbssb  M.  Jubs  9,  1909 

San.  Engr.,  Midland  Park,  S.  C. 

Wbiobt,  Jobn  Bbbtbam,  C.E.  July  28,  1914 

Capt.  Co.  C,  520th  Engrs.,  Camp  A.  A.  Humphrey, 
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Wyckofp,  Charles  Rapelye,  C.  E.,  Apr.  4,  1918 

c/o  Geo.  A.  Johnson,  150  Nassau  St.,  New  York, 
N.  Y. 

Wtnnb-Robbbtb,  R.  O.  June  24,  1908 

40  Jarvis  St.,  Toronto,  Ont. 

Wtsb,  F.  C.  June  10, 1910 

Engr.  &  Supt.  Sewers  &  Water  Wks.,  Columbia,  S.  C. 

Ybrbancb,  W.  B.  June  4, 1912 

Cons.  Engr.  &  Operator  for  Pub.  Util.,  128  Broad- 
way, New  York,  N.  Y. 

York,  Edward  C.  May  9,  1917 

Ch.  Engr.  Pumping  Stn.  Water  Wks.,  3236  Portland 
Ave.,  Minneapolis,  Minn. 

Young,  A.  A.  Oct.  23,  1914 

Supt.  Water  Wks.,  Jewett  City,  Conn. 

Young.  C.  C.  Jan.  27,  1914 

Dir.  State  Water  Survey,  La^ence,  Kansas. 

Young.  William  R.  June  8, 1909 

Redstrar   Water  Wks.,   City  Hail,   Minneapolis, 
Minn. 

Zehr,  Vratislav  Adolph  Apr.  20,  1918 

Mech.  Engr.,  P.  O.  Box  349,  Quincy,  III. 
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Agua  P^ra  CoifPANT  June  8,  1009 

701  Douglas  Ave.,  East  Las  Vegas,  N.  M. 

Albxandria  Water  Co.  June  8,  1909 

Alexandria,  Va. 

Amsrican  Water  Works  and  Electric  Compakt,  Inc.  June  28,  1915 

H.  Hobart  Porter,  Prest.,  50  Broad  St.,  New 
York,  N.  Y. 

Auburn  Water  Department  June  10,  1911 

Auburn,  N.  Y. 

Baton  Rouge  Water  Works  Company  Apr.  15,  1914 

Baton  Rouge,  La. 

Buminqbam  Watbr  Company  Oct.  15,  1914 

Derbj,  Conn. 

Board  op  Fire  and  Water  Commissioners  Dec.  18,  1918 

City  Hall,  Kansas  City,  Mo. 

Board  op  Pubuc  Works  June  28,  1915 

Water  Dept.,  Court  House,  Boonville,  Mo. 

Board  op  Water  Commissioners  June  8,  1915 

John  Taylor,  Chm.,  Wildwood,  N.  J. 

Board  op  Water  and  Electric  Light  CoMMiSBiONBlts  May  13,  1915 

Lansing,  Mich. 

Brantpord  Water  Commissioners  June  10,  1911 

Brantford,  Ont. 

Bureau  op  Sanitary  Engineering  April  9,  1918 

State  Bd.  of  Health,  Bowling  Green,  Ky. 

Bureau  op  Water  Mch.  1,  1915 

Mr.  John  K.  Stauflfer,  Supt.,  City  Hall,  Reading,  Pa. 

Bureau  op  Water  Works  and  Supply  June  8,  1909 

545  S.  Olive  St.,  Los  Angeles,  Calif. 

Canton  Water  Works  Oct.  15,  1914 

Canton,  IIL 

Cedar  Rapids  Water  Commissioners  June  24, 1915 

Cedar  Rapids,  Iowa. 

Citizens  Light^  Heat  and  Power  Company  Mch.  18,  1918 

Tracy,  Mmn. 

82 
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CinsKNS  Water  Supply  Co.  June  8,  1909^ 

Elmhurst,  Long  Island.  N.  Y. 

CiTT  OP  Amsterdam  June  8,  1009 

Dept.  Pub.  Wke.,  Amsterdam,  N.  Y. 

City  Water  and  Light  Company  June  8,  1909 

Sault  Ste.  Marie,  Ont. 

Coffeyville  Water  Department  June  26,  1^18 

Wm.  Helmering,  Comnr.,  Coffeyville,  Kans. 

Columbia  Water  and  Light  Company  May  10,  1914 

Columbia,  Tenn. 

Commissioner  op  Public  Property  June  4,  1910 

Newport,  Ky. 

Commissioners  op  Public  Works  June  4,  1912 

Charleston,  S.  C. 

CoitinNG  Water    Works  June  24,  1918 

Coming,  N.  Y. 

Department  of  Public  Property  June  28,  1917 

H.  M.  Oldefest,  Comnr.,  MoHno,  111. 

Department  of  Public  Service  June  24,  1913 

Grand  Rapids,  Mich. 

Department  of  Public  Utilities  Dec.  17,  1917 

Rra.  302,  City  Hall,  Portland,  Or-. 

Dover  Water  Commissioners  June  26,  1918 

Peter  C.  Buck,  Prest.,  Dover,  Morris  Co.,  X.  J. 

Eagles  Mere  Water  Company  Apr.  22,  1914 

Eagles  Mere,  Pa. 

East  Bay  Water  Company  Mch.  24,  1916 

Oakland,  Cal. 

East  Orange  Board  of  Water  Commissioners  June  8,  1909 

East  Orange,  N.  J. 

Elmira  Water  Board  Apr.  19, 1916 

Elmira,  N.  Y. 

Erie  Commissioners  Water  Works  June  10,  1911 

City  Hall,  Erie,  Pa. 

EvANSviLLE  Water  Works  June  8,  1909 

Evansville,  Ind. 

Excelsior  Springs  Water,  Gas  and  Electric  Co.  June  4,  1912 

Excelsior  Springs,  Mo. 

Galt  Water  Commission  June  24,  1918 

Gait,  Ontario,  Canada. 
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Qbsatbb  Winnipbq  Watbb  District  Mch.  28,  1914 

Mr.  R.  D.  Waugh,  Chm.,  Winnipeg,  Man. 

HoPKiNsviLLB  Water  Company  May  9,  1915 

Hopkinsville,  Ky. 

LaCrosse  Board  op  Public  Works  June  10,  1911 

LaCrosse,  Wis. 

Lake  Charles  Railway,  Light  and  Water  Works  Co.  Apr.  27,  1910 

Lake  Charles,  La. 

Lorain  Water  Works  Aug.  18,  1916 

Lorain,  Ohio. 

LouiSTiLLB  Water  Co.  June  8,  1909 

549  Third  St.,  LouisviUe,  Ky. 

Mahoning  Valley  Water  Company,  The  June  8,  1909 

Jas.  J.  McNally,    Secty.  &   Treas.,  Youngs- 
town,  Ohio. 

Manhasset-Lakeville  Water  District  Mch.  18,  1918 

Manhasset,  N.  Y. 

Marion  Water  Company,  The  Mch.  3,  J917 

George  Whysall,  Supt.,  Marion,  Ohio. 

Mbmphis  Artesian  Water  Department  June  8.  1909 

Memphis,  Tenn. 

Mbtropoutan  Boabd  Water  Supply  and  Sewage  June  8,  1909 

Sidney,  Australia. 

Mbtropoutan  Water  District  June  24, 1916 

Omaha,  Neb. 

Michigan  State  Board  op  Health  July  17,  1917 

Lansing,  Mich. 

Millville  Water  Company  June  15,  1916 

Millville.  N.  J. 

Mobile  City  Commissioners  June  10,  1911 

Mobile,  Ala. 

Mount  Carmel  Water  Co.  June  8,  1909 

Mount  Carmel,  Pa. 

Kew  Albany  Water  Works  Apr.  27,  1910 

New  Albany,  Ind. 

OwBGO  Water  Works  Company  Apr.  22,  1914 

Owego,  N.  Y. 

Pbnnichuck  Water  Works  Oct.  81, 1914 

144  Main  St.,  Nashua,  N.  H. 

Peterborough  Utilities  Commission  June  10,  1911 

Waterworks  Dept.,  263  Hunter  St.,  Peterborough, 
Ont.,  Can. 
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Pine  Bluff  Company,  The  May  12,  1908 

Minor  Q.  Woodward,  Treaer.,  Pine  Bluff,  Ark. 

PiTBLic  Service  Department  Dec.  30,  1914 

575  Broadway,  Glendale,  Cal. 

PuBuc  Utilities  Commission  June  8,  1909 

London,  Canada. 

Reno  Power,  Light  and  Water  Company  June  24,  1918 

Reno,  Nev. 

RocKFORD  Water  Department  May  12,  1916 

Thomas  H.  Connors,  Supt.,  Rockford,  III. 

Saginaw  Water  Dept.  June  8,  1909 

Saginaw,  Mich. 

San  Josi  Water  Company  June  24,  1918 

San  Jos6,  Cal. 

Scranton  Gas  and  Water  Co.  Jane  4,  1912 

115  Wyoming  Ave.,  Scranton,  Pa. 

Sidney  Water  Works  Company,  The  Feb.  24,  1917 

Main  St.,  Sidney.  N.  Y. 

South  Bend  Water  Department  Apr.  9,  1915 

South  Bend,  Ind. 

South  Easton  Water  Co.  June  4,  1912 

102  S.  3d  St.,  Easton,  Pa. 

St.  Thomas  Water  Commissioners  June  8,  1909 

St.  Thomas,  Ont. 

Stockton  Water  Co.,  The  Jan.  7,  1918 

315  Market  St.,  Camden,  N.  J. 

SuFFERN  Water  Commissioners  June  10,  1911 

Suffem,  N.  Y. 

Superintendent  Water  Division  June  4,  1912 

Rm.  303,  City  Hall,  Spokane,  Wash. 

Sweetwater  Water  Co.  June  8,  1909 

National  City,  Calif. 

Temple  Water  Works  Apr.  27,  1910 

Temple,  Texas. 

Trafford  Water  Co.  June  8,  1909 

201  Westinghouse  Bldg.,  Pittsburgh,  Pa. 

Trenton  Water  Works  June  8,  1909 

Trenton,  N.  J. 

United  Land  and  Water  Company  June  26,  191& 

Deming,  N.  Mex. 
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Urban  Water  Supply  Co.  June  4,  1912 

60  Wall  St.,  New  York,  N.  Y. 

Vinton-Roanoke  Water  Co.  June  8,  1909 

Francis  W.  Collins,  Cons.  Engr.,  60  Church  St., 
New  York,  N.  Y. 

Waco  Water  Works  Apr.  27,  1910 

City  Hall,  Waco,  Texas. 

Washington  Power,  Light  and  Water  Company  June  8,  1909 

Anacortes,  Wash. 

Water  and  Light  Board  Apr.  5,  1917 

J.  J.  Rowan,  Supt.,  409  McKinley  St.,  Hibbing, 
Minn. 

Water  Works  Department  Apr.  27,  1910 

Anaconda  Copper  Mining  Co.,  Anaconda,  Mont. 

Waterloo  Water  and  Light  Commission  Apr.  9,  1915 

Waterloo,  Ont.,  Canada. 

Watertown  Water  Works  June  8,  1909 

Watertown,  N.  Y. 

Western  New  York  Water  Company  June  24.  1913 

704  Elect.  Bldg.,  Buflfalo,  N.  Y. 

White  Deer  Mountain  Water  Company  May  10,  1914 

114  S.  Front  St.,  Milton,  Pa. 

"White  Plains  Department  of  Public  Works  Aug.  18,  1916 

Wm.  H.  Lyon,  Comr.  in  charge  of  Water 
Wks.,  White  Plains,  N.  Y. 

Willi amsport  Water  Co.  June  8   1909 

330  Pine  St..  Williamsport,  Pa. 
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Addrbssoqraph  Compant  June  10, 1906 

901  W.  Van  Buren  St.,  Chicago,  III. 

Albbboer  Pttmp  and  Condenser  Company  June  10, 1911 

140  Cedar  St.,  New  York,  N.  Y. 

AlLI8>ChALMBRA  MANUFACTUBINa  CoMPANT  JuBO  27,  1906 

Milwaukee,  Wis. 

American  Bitumastic  Enamels  Company  June  24,  1913 

17  Battery  PL,  New  York,  N.  Y. 

Ambrican  Cast  Iron  Pipe  Company  July  18, 1907 

Binningham,  Ala. 

American  City  June  26,  1918 

87  Nassau  St  ,  New  York,  N.  Y. 

American  Foundry  and  Manufacturing  Company  May  12, 1908 

10th,  nth,  Hebertt  &  Wright  Sts.,  St.  Louis,  Mo. 

American  Manganese  Bronze  Company  May  13,  1916 

Holmesburg,  Philadelphia,  Pa. 

American  Pipe  and  Construction  Company  June  24, 1913 

112  N.  Broad  St.,  Philadelphia,  Pa. 

American  Spiral  Pipe  Works  Aug.  18,  1916 

F.  B.  Sanborn,  Eastern  Sales  Mgr.,  50  Church  St., 
New  York,  N.  Y. 

American  Steel  and  Wire  Company  June  24,  1903 

208  S.  LaSalle  St.,  Chicago,  111. 

Arnold,  Hoffman  and  Company,  Inc.  Dec.  4,  1913 

P.O.  Box  762,  New  York,  N.  Y. 

Badger  Meter  Manufacturing  Company  June  8,  1004 

261  Third  St.,  Milwaukee,  Wis. 

Baldwin,  Robert  C.  May  14,  1914 

Sec'y  &  V.  P.,  C.  Lee  Cook  Mfg.  Co.,  Inc.,  916-930 
S.  Eighth  St.,  Louisville,  Ky. 

Bbrg,  J.  D.  May  12,  1914 

V.-Prest.  Dravo  Doyle  Co.,  Diamond  Bank  Bldg., 
Pittsburgh,  Pa. 

Birch-Hintz  Manufacturing  Company  May  12,  1914 

1100-1110  S.  Kilboum  Ave.,  Chicago,  111. 
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BOUBBON  COPPBR  AND  BrA88  W0RK8  COMPANT  Apr.  17,  1884 

618  £.  Front  St.,  Cincinnati,  Ohio. 

BoTD  AND  Bbothbb,  Incorpobatbd,  Jambs  June  10, 1911 

25th  and  Wharton  Sts.,  Philadelphia,  Pa. 

Bbistol  Compant,  Thb  June  18,  1016 

Waterbury,  Conn. 

Buppalo  Mbtrr  Company  Juna  ST,  1908 

2917  Main  St.,  Buflfalo,  N.  Y. 

Buildbrs'  Iron  Foundry  June  18, 1901 

9  Codding  St.,  Providence,  R.  I. 

Canadian  Engineer,  The  June  26,  1918 

Church  and  Court  Sts.,  Toronto,  Ont.,  Can. 

Carbic  Manufacturinq  Company  June  1,  1916 

West  Duluth  Stn.,  Duluth,  Minn. 

Central  Brass  Manufacturinq  Company,  Thb  May  7, 1917 

6203  Cedar  Ave.,  Cleveland,  O. 

Cbntbal  Foundry  Company  June  24»  1908 

90  West  St.,  New  York,  N.  Y. 

Chapman  Valve  Manufacturing  Company  Apr.  16, 1884 

Indian  Orchard,  Mass. 

Chicago  Bridqb  and  Iron  Company  June  Ift,  1888 

37  W.  Van  Buren  St.,  Chicago,  111. 

Clark  Company,  H.  W.  May  12, 1908 

116  S.  17th  St.,  Mattoon,  111. 

Clow  and  Sons,  J.  B.  Apr.  77, 1886 

Harrison  and  Franklin  Sts.,  Chicago,  111. 

Coldwbll-Wilcox  Company  Apr.  16, 1914 

Newburgh,  N.  Y. 

Colorado  Fubl  and  Iron  Company  June  7, 180T 

Denver,  Colo. 

Columbian  Iron  Works  Apr.  77, 1910 

Chattanooga,  Tenn. 

Cook,  A.  D.  Feb.  17,  1916 

Mnfr.  Deep  Well  Pumps  and  Strainers,  Lawrence- 
burg,  Ind. 

Darling  Pump  and  Manufacturing  Company,  Thb  Maj  12, 1908 

Williomsport,  Pa. 

DeLaval  Steam.  Turbine  Co.  Nov.  23,  1917 

H.  L.  Watson,  Sales  Mgr.,  Trenton,  N.  J. 

Joseph  Dixon  Cruciblb  Company  May  14,  1915 

Jersey  City,  N.  J. 
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Donaldson  Iron  Co.  Nov.  23,  1917 

Enuius,  Lehigh  Co.,  Pa. 

Drbssbr  Manufacturing  Company.  S.  R.  June  7,  1904 

Mfr.  Pipe  Couplings  and  Sleeves,  Bradford,  Pa. 

East  Jbrsbt  Pipe  Company,  The  July  10,  1906 

50  Church  St.,  New  York,  N.  Y. 

Eddy  Valvb  Manufacturing  Company  June  26,  1886 

Waterford.  N.  Y. 

EiMBR  AND  Amend  May  13,  1916 

Third  Ave.,  18th  to  19th  Sts.,  New  York,  N.  Y. 

Electro  Bleaching  Gas  Company  June  24,  1913 

18  East  41st  St.,  New  York,  N.  Y. 

Engineering  News-Record  June  26,  1918 

10th  Ave.  at  36th  St.,  New  York,  N.  Y. 

Engineering  and  Contracting  June  26,  1918 

608  S.  Dearborn  St.,  Chicago,  III. 

Farnan  Brass  Works  Company,  The  May  18,  1892 

1104  Center  St.,  Cleveland,  Ohio. 

Flowbr-Stbphens  Manufacturing  Company  June  24,  1913 

Detroit,  Mich. 

Ford  Mbtbr  Box  Company  May  12,  1908 

Wabash,  Ind. 

Fox  AND  Company,  John  June  8,  1909 

263  Broadway,  New  York  City,  N.  Y. 

Gamon  Mbtbr  Company  May  14,  1916 

Newark,  N.  J. 

Garlock  Packing  Company  May  12,  1908 

Pahnyra,  N.  Y. 

Gbnbral  Chemical  Company  June  11,  1902 

112  W.  Adams  St.,  Chicago,  III. 

GiLLBSPfE.  T.  A.  June  7,  1904 

Prest.  T.  A.  Gillespie  Co.,  50  Church  St.,  New  York, 

N.  Y. 

Glamorgan  Pipe  and  Foundry  Company,  Thf  Apr.  27,  1910 

Lynchburg,  Va. 

Glauber  Brass  Manufacturing  Company  June  7,  1904 

4917  Superior  Ave.,  Cleveland,  Ohio. 

Gould,  Norman  J.  July  10,  1906 

Prest.  The  Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

Harrisons  Inc.  May  12, 1908 

36th  St.  &  Grays  Ferry  Rd.,  Philadelphia,  Pa. 
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Hatb  Manupacturino  Company  Mch.  15,  1882 

Erie,  Pa. 

Herset  Manufacturinq  Company  July  14,  1887 

South  Boston,  Moss. 

International  Filter  Company  May  9,  1915 

38  S.  Dearborn  St.,  Chicago,  111. 

jAREpKi  Chemical  Company  June  8,  1900 

Cincinnati,  Ohio. 

Kalbfleisch  Corporation  June  8,  1909 

31  Union  Square,  W.,  New  York,  N.  Y. 

Kbllogg  and  Company,  K.  H.  July  14,  1887 

243  South  St.,  New  York.  N.  Y. 

Kennedy  Valve  Manufacturing  Company,  The  May  25,  1896 

M.  E.  Kennedy,  Treas.,  Ehnira,  N.  Y. 

Layne  and  Bowler  Company  June  8,  1916 

Memphis,  Tenn. 

Lead  Lined  Iron  Pipe  Company,  The  June  15.  1915 

Wakefield,  Mass. 

Leaditb  Company,  Incorporated,  The  Apr.  27, 1910 

Land  Title  Bldg.,  Philadelphia,  Pa. 

Lbnnio  and  Company.  Incorporated,  Charles  June  4,  1912 

Bridesburg,  Philadelphia,  Pa. 

LiNTHicuM,  E.  E.  May  17,  1916 

V.-Prest.  Natl.  Cast  Iron  Pipe  Co.,  Birmingham, 
Ala. 

Lock  Joint  Pipe  Company  Oct.  26,  1915 

Box  21,  Ampere,  N.  J. 

LocKwooD,   H.  S.  May  11,  1917 

Sales  Agt.,  Sulphate  Dept.  Amer.  Steel  &  Wire  Co., 
30  Church  St.,  New  York,  N.  Y. 

Ludlow  Valve  Manufacturing  Company  Mch.  15, 1882 

Troy,  N.  Y. 

Lynchburg  Foundry  Company  June  13, 1916 

Lynchburg,  Va. 

McBride,  Thomas  C.  Mch.  1,  1916 

Worthington  Pump  &  Mach.  Corp.,  North  Amer. 
Bldg.,  Philadelphia,  Pa. 

McGowAN  Company,  John  H.,  The  June  24,  1916 

54-64  Central  Ave.,  Cincinnati,  Ohio. 

McQuiBTAN,  Andrew  Nisbet  Jan.  12,  1915 

Ironfounder,   Craigward,   Busby,   neai   Glasgow, 
Scotland. 
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Maritimo  Coating  Corporation 

Bayard  N.  Cole,  Sales  Mgr.,  1733  Grand  Central 
Terminal,  New  York,  N.  Y. 

Massillon  Iron  and  Steel  Company,  The 
Massillon,  O. 

Modern  Iron  Works 
Quincy,  111. 

Mueller  Manufacturing  Company,  H. 
Decatur,  111. 

Multiplex  Manufacturing  Company 
Berwick,  Pa. 

Municipal  Jourval 

2\    West  39th  St.,  New  York,  N.  Y. 

National  Meter  Company 

299  Broadway,  New  York,  N.  Y. 

National  Water  Main  Cleaning  Company 
50  Church  St.,  New  York,  N.  Y. 

Neptune  Meter  Company 

60  E.  42d  St.,  New  York,  N.  Y. 

New  York  Continental  Jewell  Filtration  Company 

P.  O.  Box  A.,  Nutley,  N.  J. 

Norwood  Engineering  Company 
Florence,  Mass. 

Pacific  Flush  Tank  Company 

1415  Singer  Bldg.,  New  York,  N.  Y. 

Parsons  Co.,  The 
Newton,  Iowa. 

Pennsylvania  Salt  Manufacturing  Company,  The 
Widener  Bldg.,  Philadelphia,  Pa. 

Permutit  Co.,  The 

440  Fourth  Ave.,  New  York,  N.  Y. 

Pitometer  Company,  The 

25  Ehn  St.,  New  York,  N.  Y. 

Pittsbxtrg  Filter  Manufacturing  Company 
Fanners  Bk.  Bldg.,  Pittsburgh,  Pa. 

Pittsburgh  Meter  Company 
East  Pittsburgh,  Pa. 

Pitt8burgh-Db8  Moines  Steel  Company 
Pittsburgh,  Pa. 

Platt  Iron  Works  Company 
Dayton,  Ohio. 


Feb.  27,  1917 

June  4,  1912 

June  27,  1905 

x\f  ch.  15,  1882 

May  11,  1914 

June  26,  1918 

Mch.  15,  1882 

July  10,  1906 

Aug.  22, 1894 

Apr.  18, 1891 

May  9,  1915 

Juno  10,  1911 

Juno  26,  1918 

June  24, 1908 

•    Apr.  14,  1914 

July  10,  1906 

June  27,  1905 

Juno  15, 1898 

Apr.  24, 1914 

June  18, 1901 
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PoBTLAND  Cement  Association  Oct.  31,  1917 

111  W.  Wash  ngton  St.,  Chicago,  III. 

Pkatt  a  Cadt  CoiftPANT.  Inc.  June  24, 191S 

Lock  Box  66,  Stn.  A,  Hartford,  Conn. 

The  R.  U.  V.  Company  Feb.  11,  1917 

7  Burritt  Ave..  South  Norwalk,  Conn. 

Rensselaer  Valve  Compant  May  21,  1890 

Troy,  N.  Y. 

Robebts,  Charles  V.  Apr.  27,  1910 

Prest.  Roberts  Filter  Mfg.  Co.,  Darby,  Philadel- 
phia, Pa. 

Ross  Valve  Manufacturing  Company,  Inc.  Apr.  18,  1891 

Oakwood  Avenue,  Troy.  N.  Y. 

8.  E.  T.  Valve  and  Htdrant  Company  June  4,  1912 

60  Church  St.,  New  York,  N.  Y. 

Sanitary  Company  of  America,  The  May  14,  1914 

Linfield,  Pa. 

Sanitation  Corporation  May  9,  1915 

60  Church  St.,  New  York,  N.  Y. 

ScHRAM  &  Son,  Chris  D.  Apr.  3,  1917 

308  N.  4th  St.,  PhUadelphia,  Pa. 

Simplex  Valve  and  Meter  Company  May  12,  1914 

625  Wood  St.,  Philadelphia,  Pa. 

Smith  Manufactubinq  Company,  Anthony  P  June  7,  1897 

East  Orange,  N.  J. 

Standard  Asphalt  axd  Refining  Co.  May  12,  1908 

205  La  Salle  St.,  Chici^o,  111. 

Stewarts  and  Lloyds  Feb.  11,  1917 

41  Oswald  St.,  Glasgow,  Scotland. 

Sullivan  Machinery  Co.  Apr.  23,  1915 

122  S.  Michigan  Ave.,  Chicago.  111. 

Taylor  Company,  W.  P.  Mch.  15, 1882 

218  Ellicott  Sq.,  Buffalo,  N.  Y. 

Thomson  Meter  Company  Apr.  15,  1891 

100  Bridge  St.,  Brooklyn,  N.  Y. 

Union  Water  Meter  Company  Mch.  15,  1882 

33  Hermon  St.,  Worcester,  Mass. 

United  Brass  Manufacturing  Company  May  11,  1914 

Cleveland,  Ohio. 

United  Lead  Company  May  12,  1908 

111  Broadway,  New  York,  N.  Y. 
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UniTBD  Statbs  Cast  Ibon  Pipb  and  Foundbt  Company  June  11,  1802 

1421  Chestnut  St.,  Philadelphia,  Pa. 

Unitkd  States  Rubber  Co.  .  May  1  ,  1918 

1790  Broadway,  New  York,  N.  Y. 

Wallace  and  Tiernan  Company  May  9,  1915 

137  Centre  St.,  New  York,  N.  J. 

Wabben  Foundby  and  Machine  Company  June  10, 1911 

11  Broadway,  New  York,  N.  Y. 

Watbb  Wobks  Equipment  Company  July  10,  1916 

Rms.  1950-51,  50  Church  St.,  New  York,  N.  Y. 

Wolff,  S.  Apr.  9,  1915 

Dist.  Max,,  DeLaval  Steam  Turb.  Co.,  629  Peoples 
Gas  Bidg.,  Chicago,  111. 

Wood  and  Company,  R.  D.  Apr.  16, 1884 

400  Chestnut  St.,  Philadelphia,  Pa. 

Woods,  Floyd  F.  May  14,  1915 

Sales  Mgr.  Epping  Carpenter  Pump  Co.,  1376  Mon- 
tesuma  St.,  Pittsburgh,  Pa. 

WOBTHINGTON  PUMP  AND  MaCHINBBY  CoBPOBATION  JuBC  18,  1901 

115  Broadway,  New  York,  N.  Y. 

Wyceoff  and  Son  Company,  A.  July  18, 1907 

Elmira.  N.  Y. 
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GEOGRAPHICAL  DISTRIBUTION  OF  MEMBERS 

ALABAMA:  Active  8;  Corporate  1;  Associate  2;  Total  11 

Acnvx 


Birmingham. 


f  Decker,  A.  C. 
J  Horner,  H.H. 
]  Kirkpatrick,W.G. 
I  Sweet,  E.G. 


Enslbt Wilcox,  W.  F. 

Montgomery Hazlehurst,  G.  H. 

Sblma Jones,  J.  W. 

SuEFFiSLD .Johnson,  H.  B. 


CORPOBATB 

MoDiLB. .  Mobile  City  Commissioners 

A8SOCIATB 


D.«.-,.,^„.^  /  American  Cast  Iron  Pipe  Co. 
Birmingham  |  Li^thicum.  E.  E 

ARIZONA:  AcUve  4;  Total  4 

Aonvs 

Ajo DuMoulin,W.  L. 

BiSBEE Shcpard,  J.  A. 

Flagstaff Giclas,  E. 

WiNKBLMAN Grasty,  E.  C. 

ARKANSAS:  Corporate  1;  Total  1 

CORPORATE 

Pine  Bluff Pine  Bluff  Co.,  The 

CALIFORNIA:  Active  28;  Corporate  5; ^Honorary  1;  Total  34 


Berkelbt . 


AcnvB 

f  Bachman,  F.  Pasadena 

Doman,  J.  San  Diego 

J  Gillespie,  C.  G. 

iGoudey,  R. 
Hyde,  C  G. 
Klaus,  F.  J. 

Hanford Isaacs,  F.  N.      SanFrancisco 

Dessery,  F.  C. 
Finkle,  F.  C. 
Los  Angeles  ...     Hilscher,  R. 
Lee,  C.  H. 
Sonderegger,  A.  L. 

n Av-T  Ai^  /  Gilman,  C.  E.      San  Jos* 

OAKLAND 1  Wilhelm,  G.         Stockton 

Pacific  Grove Olmstead,  C.  S. 
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AUin.  T.  D. 

Ervast,  A. 

Dockweiler,  J.  Hj 
Elliott,  G.  A. 
Flaa,  I.  E. 
Hunter,  T.  B. 
Mohrhardt  E.  F. 
O'Shaughnessy, 

M.  M. 
Pracy,  G.  W. 
Rice,  P.  D. 
I  Shibley,  K. 

Relph,  O.  S. 

Hall,  J.  W. 
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CORPOBATB 

GiaNDALB. .  .Public  Service  Department 
Los  Anoblbb.  .Bureau  of  Water  Supply 
National  City.  .Sweetwater  Water  Co. 

Oakland East  Bay  Water  Co. 

San  Job± San  Jos^  Water  Co. 

*      honobabt 
Bbrkblbt LeConte,  L.  J. 

COLORADO:  ActiTe  8;  Assooiate  1;  Total  9 

AOTITB 

Brush Leerskov,  A.  D.  -n-i^v-,-  /  Robinson,  W.  P. 

CoLOBADO  Spbingb,  i^BNTUB ^  ThomaB,  D.  G. 

McReynolds,  B.  B.  Leadville West,  W.  G. 

»-*^» Catchpole.C.T.  p^,^^ {K'e%^" 

A8800IATB 

Dbnybb Colorado  Fuel  &  Iron  Co. 

CONNECTICUT:  ActiTe  21;  Corporate  1;  Associate  3;  Honorary  1;  Total  26 


ACTITB 


Anbonia Davis,  F.  J. 

»«">«'««' {SX-az: 

Grbbnwich Willson,  W.  J. 

Berry,  F.  D. 

Hinkley,  R.  L. 

Howard,  F.  E. 

Newlands,  J.  A. 

Peck,  E.  M. 

Saville,  C.  M. 
Jbwbtt  City Young,  A.  A. 


Nbw  Haven  . . . 


Hartford. 


rHill,A.B. 

I  Mickle,  F.  L. 

]  Minor,  E.  E. 

[Winslow,  C.-E.A. 

RowAYTON Case,  R.  E. 

SouTHiNQTON McKeuzic,  S.  H. 

Stamford Hatch,  E.  L. 

Thompbonvillb Schwabe,  W.  P. 

ToRRiNOTON Travis.  F.  M. 

Watbbbxtry McDonald,  C.  E. 


CORPokATB 

Dbrby Birmingham  Water  Co. 

A880CIATB 

Hartford Pratt  &  Cady  Co.  Inc. 

South  Norwalk R.  U.  V.  Co. 

Watbrbury Bristol  Co.,  The 

HONOBABY 

NbwHavbn Holly,  L  A. 


DELAWARE:  Active  6;  Total  6 


Wilmington. 


Alexander,  M. 
Coxe,  W.  G. 
miles,  T.  A. 


ACTIVB 

Wilmington  . 


fHoopes,  E.  M. 
van  Trump,  S.N. 
Wilson,  H. 
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DISTRICT  OF  COLUMBIA:  Actiye  8;  Total  8 

AOTIYl 


WASHUfOTOM. 


IDoten,  L.  S. 
Gaub,  John 
Hardy,  E.  D. 
Howell,  D.  J. 


Washinoton  , 


I  Phelps,  £.  B. 
RhynuB,  C.  P. 
Stevens,  H. 
Streeter,  H.  W. 


FLORIDA:  Active  8;  Total  8 

Acnvs 

Dattona Main,  G.  A.  Miami Hyman,  H.  H. 

(Harrub,  C.N.  Orlando Cheney,  J.  Y. 

Murphy,  L.  E.  St.  Pbtbrsbitbq Warner,  G.  H. 

Smoot,  L.  D.  Tampa McFarland,  C.  R. 


GEORGIA:  Active  13;  Total  13 


activb 


Atlanta. 


AUGUBTA . 


Clayton,  R.  M. 
Haselhurst,  J.  N. 
Rapp,  W.  M. 
Smith,  W.  Z. 
Solomon,  G.  R. 
Werner.  R.  C. 
....  Wingfield.N. 


Columbus Chipley,  D. 

CoMMBRCB Caston,  i>.  L 

Jackson Merck,  W.  E. 

La  Granqb Sargent,  G.  H. 

Macon Williamson,  C.  T 

Savannah Conant.  E.  R. 


IDAHO:  Active  2;  Total  2 


ACriVB 


Idaho  Falls Wilson,  J.  H. 

Lewiston Wagner,  E.  G. 


ILLINOIS:  Active  103;  Corporate  3;  Associate  15;  Total  121 


ACTIVB 


A-OK {K^/c.\. 

f  Barclay,  W.  E. 
Aurora i  Lieaf,  C.  E. 

I  Miller,  C. 

B-.>8TowK {l'„tS'E:i: 

Bloomington Brown,  C.  C. 

Cairo Roos,  C.  M. 

Carlinvillb Castle,  G.  J. 

Champagnb Amsbary,  F.  C. 

Alvordj  J.  W. 

Bauereisen,  R.  J. 

Bemis,  E.  W. 

Burdick,  C.  B. 

Converse,  W.  A. 

Davidson,  G.  M. 

DeBerard.  W.  W. 

Ellis,  G.  R. 

Ericson,  J.  E. 

.  French,  D.  K. 


Chicago. 


Chicago. 


Gerber,  W.  D. 
Green,  P.  E. 
Hadden,  S.  C. 
Hecht,  J.  L. 
Howson,  L.  R. 
Jennings,  C.  A. 
Jordon,  E.  O. 
Keeler,  H.  E. 
Knowles.  C.  R. 
Lucas,  El.  L. 
McClenahan,  W.  T. 
Maury,  D.  H. 
Maxwell,  D.  H. 
Mory,  A.  V.  H. 
Nichols,  A.  E. 
Pearse,  L. 
PhilUpe,  T.  C. 
Shaw,  W.  A. 
Shields,  W.  S. 
Townsend,  E.R. 
Webster,  E.  R. 


Digitized  by  VjOOQIC 


GEOGRAPHICAL  DISTBIBUTION  OF  MEMBEB8HIP 


97 


Dallas  City Zehr,  V.  A. 

^— {&1i.M. 

D«'^'^« {tenailfw.A. 

E.eTST.Lo.i8...{K"e?;M: 

Effinqham ADderson,  W.  F. 

Elgin Kohn,  C.  L. 

Elmhurst Sturges,  L. 

Ev-«-- {I'rriAhl'G.A. 

Fairburt Burns,  T.  W. 

Frbbport Smith,  O.  T. 

Fulton O'Rourke,  J. 

Jacksonvillb Vasconcellos,  J. 

JoLiET O'Callahan,  C.  D. 

Kankakbb Cobb,  C.  H. 

Lakb  Fobbst Trow,  L.  C. 

Lincoln MacDonald.  E. 

f  Clark,  H.W. 

Mattoon James,  C.  L. 

Rue,  J.  A. 

'^^"^ \Mellen,A.F. 

Mt.  Carmbl Barnard,  P. 

Mt.  Vernon Brandli,  H.  E. 

Oak  Park Matte,  H.  P.  T. 

Pana Stanfield,  A.  C. 

Pbkin Lautz.  W.  E. 

^o^^ {i'araSi,?:A. 


Peoria 

QUINCT 

Rock  Island  . 
Shblbtvillb., 


fE 
.Ch 


Springfield. 


•Strbator 

Tatlorvillb 


Urban  A. 


Waukbgan. 

WiNNBTKA. . 


f  Morgan,  H.  B. 
\Ringne88,  H. 
Gelston,  W.  R. 
Etzel^  G.  C. 
Mumn,  J.  A 
hester,  C.  E. 
f  Bennett,  C.  G. 
Drake,  C.  St.C. 
Hansen,  P. 
Reid,  W. 
Sjoblom,  M.  C. 
.  Spaulding,  W.  J. 
/  Huggans,  D.  E. 
•  \  Huggans,  R.  D. 
....Dappert,  J.  W. 
Bartow,  E. 
Bennett,  A.  N. 
Enger,  M.  L. 
Ferguson,  H.  F. 
Fleming,  V.  R. 
Habermeyer,  G.  C. 
Hatfield,  W.  D. 
Newell,  F.  H. 
Parr,  S.  W. 
Schnellbach,  J.  F. 
Talbot,  A.  N. 
Tanner,  F.  W. 

Allen,  W.  J. 

Greeley,  S.  A. 


Chicago. 


CORPORATB 

Canton Canton  Water  Works. 

Moune Dept.  of  Public  Property. 

RocKFORD Rockford  Water  Dept. 

A880CIATB 


Addressograph  Co. 
Amer.  Steel  &  Wire  Co. 
Birch-Hints  Mfg.  Co. 
Chicago  Bridge  &  Iron  Co. 
Clow  &  Sons,  J.  B. 
Engineering  &  Contracting 
General  Chemical  Co. 
International  Filter  Co. 
Portland  Cement  Association 
Standard  Asphalt  and  Refining  Co. 
Sullivan  Mchy.  Co. 
[  Wolff,  S. 


Dbcatur Mueller  Mfg.  Co.,  H. 

Mattoon Clark  Co.,  H.  W. 

QuiNCT Modem  Iron  Works 
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INDIANA:  Active  19;  Corporate  3;  Associate  2;  Total  24 


AcnvB 


^^^^ 1  Luscombe,  W. 

fBrossman,  C. 

INDIANAPOUS aTvV' 

i  Kirk,  C.  L. 

Lapayette Miller,  M.  N. 

LaPorte Harding,  J.  H. 

MuNCiE Wells,  J   N. 

Richmond Dill,  H.  A. 


Sbymoue Peter,  W.  F. 

fAyre8,T.H. 
South  Bend {  Luther,  J.  N. 

I  Toyne,  J.  W. 

Tprrf  Hatttp  /  Gwinn,  D.  R. 

1 ERRE  HAUTE j  Taylor,  W.  E. 

Valparaiso Loomis,  E.  L. 

Wabash Klare,  R.  W. 

Washington Semans,  C.  R. 


CORPORATE 

EvANSviLLB Evans ville  Water  Works 

New  Alb  ant.  .New  Albany  Water  Works 
South  Bend South  Bend  Water  Dept. 

ASSOCIATE 

Lawrenceburq Cook  Mfg.  Co.,  A.  D. 

Wabash Ford  Meter  Box  Co. 


IOWA:  Active  42;  Corporate  1;  ^Vssociatc.  1.  Total  44 


ACTITB 


Amer Nichols,  C.  S. 

Boone McCormick,  R. 

Burlington Lawlor,  F.  D.  H. 

Carroll Beiter,  G.  C. 

Cedar  Falls Streoter,  C.  H. 

Clinton Chase,  C.  P. 

'  Coppock,  W. 

Etnyre,  S.  L. 
Council  Bluffs Jensen,  J.  C. 

Thomell,  J.  B. 

[Wallace,  R.  B. 

Creston Croxen,  C.  A. 

(Donahue,  J.  P. 
Henderson,  C.R. 
Hooper,  T.  N. 
'Denman,  C.  S. 
Evinper,  M.  I. 
Higgins,  L. 
Kastberg,  K.  C. 
Kinnaird,  R.  N. 
Kirkpatrick,  E.  T. 


Des Moines.  . 


Dubuque Schwinn,  P. 

Ft.  Dodgb Pray,  J.  W. 

Ft.  Madison Kern,  P. 

'  Dunlap,  J.  H. 


Hinman,  J.  J., 
Hostetler,  W.  A. 
Gray,  P. 
A, 


Iowa  City 

Jefferson 

Mason  City Judd,  W 

Missouri  Valley 

Clinkenheard.  J.  F. 

Mt.  Pleasant McMillan,  T.  W. 

Muscatine Molis.  W. 

OsKALoosA Hawkins,  H.  C. 

Ottumwa Brown,  H.  A. 

f  Carlin,  P. 
Sioux  City -  Gaynor,  K.  C. 

[  Lewis,  J.  M. 

W-™-- {teaUo.E. 

Waukon Cowan,  J.  D. 


CORPORATE 

Cedar  Rapids Cedar  Rapids  Water  Commissioners 


ASSOCIATE 

Newton Parsons  Co.,  The 
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KANSAS:  Active  11;  Corporate,  1;  Total  12 


Atchison Chishftm,  J.  M. 

Chanute Pratt,  C. 

Emporia Smith,  A.  J. 

Kansas  City Chapman,  L.  H. 

T  A«r»»^Tr^  /  Haskins,  C.  A. 

Lawrence \Veatch,F.M. 


T.AWRiEvrH  /  Young,  C.  0. 

LiAWRBNCB \  Welker,  J.  E. 

Manhattan Conrad,  L.  E. 

ToPEKA Shaw,  J. 

Wellington Mavity,  J.  W. 


CORPORATE 

CoFFEViLLE. Coffey ville  Water  Dept. 
KENTUCKY:  Active  17;  Corporate  4;  Associate  1;  Total  22 


active 

Ashland Patton,  W.  S. 

Catlettsburg Patton,  W.  A. 

Danville Woolfolk,  H.  E. 

Henderson Sieber,  W. 

Lebanon Rains,  J.  M. 

Lexington Cramer,  W .  S. 

r  Long,  G.  J. 
Louisville ]  Lovejoy,  W.  H. 

[McGonigale,  W.J. 


r  Potter,  C.  S. 
Louisville Stover,  F.  H. 

i  Wilson,  J.  B. 
Middlesborough.  .McGiboney,  J.  H. 

Newport Hornung,  G. 

OwENSBORO Breidenbach,  E.  H. 

Paducah Burnett,  M. 

Winchester Attersall,  C.  F. 


CORPORATE 

Bowling  Green Bureau  of  Sanitary  Engineering 

HoPKiNSviLLE Hopkinsville  Water  Co. 

Louisville Louisville  Water  Co. 

Newport Commissioners  of  Public  Property 

associate 
Louisville Cook  Manufacturing  Company,   C.  Lee,  Inc. 

LOUISIANA:  Active  8;  Corporate  2;  Total  10 


active 

Lake  Charles Landry.  J.  A 

'  Earl,  G.  G, 
New  Orleans.  . . 


N=^<^«^=^^«-{Md5iemis^s;G.A. 


Eastwood,  J.  T.      Shreveport  /  ^^^°'  ^'  ^' 

.  Fowler,  E.  A.  SHKEvbport |  ^^^j^^  ^  L. 

CORPORATE 

Baton  Rouge Baton  Rouge  Water  Works  Co. 

Lake  Charles.  .  .Lake  Charles  Railway,  Light  and  Water  Works  Co. 

MAINE:  Active  18;  Total  18 

ACTIVE 

n  .1^/,/^»                         /  Brown,  W.I.  f  Thorne,  M. 

^^^^^^ \Powell.  A.  C.      Portland {  West,  G.  F. 

BiDDEFORD Burnie,  A.  N.  [  West,  V.  F. 

Brunswick Bowker,  C.  L.  f  Boutelle,  G.  K. 

Pairfibld                   /  Connor,  V.  R.  Cook,  H.  J. 

FAIRFIELD ^  ^         ^y    ^y  w  ,^^^, , ,  J  Hall,  A.  S. 

[Graham.  J.  W.      Watbrvillb ^^^^^^  p  ^ 

Portland {  Newhall,  W.  G.  Wardwell,  E.  C. 

I  Payson,  E.  R.  [  Warren,  C.  E. 
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MARYLAND:  Active  16;  Total  16 


AcnvB 


Baltimore. 


Adams,  H.  f  Quick,  A.  M. 

Armstrong,  J.  W.  I  Siems,  V.  B. 

Baylis,  J.  R.  R^x^wn^*              J  Walden,  A.  E. 

Clemmitt,  R.  L.        Baltimore y^^^^^  ^   jj 

Hall,  H.  R.  Whitman,  E.  B. 

Jones,  G.  R.  I  Wolman,  A. 

Morse,  R.  B.  Cumberland Fowler,  A.  G. 

Powell,  S.  T.  Haoerstown Heard,  A. 


Boston. 


MASSACHUSETTS:  Active  37;  Associate  5;  Total  42 

ACTIVE 

Attleboro Snell,  G.  H. 

'  Barbour,  F.  A. 

Foss,  W.  E. 

French,  E.  V. 

Fuller,  F.  L. 

Killam,  S.  E. 

Metcalf,  L. 

Miller,  H.  A. 

Sherman,  C.  W. 

Spiller,  H.  C. 

Tilden,  J.  A. 

Weston,  R.  S. 

Wheeler,  W. 
I  Woodburn,W.  F. 

Brockton Kinsman,  H. 

Bbooklinb Hale,  R.  K. 

Cambridge Whipple,  G.  C. 

Concord Robinson,  L.  C. 

Dorchester Mclnnes,  F.  A. 


Florence Ryan,  W.  G. 

Ho'-TOKB •{Y^.^J.L. 

Lowell Thomas,  R.  J. 

Millbury Mallalieu,  W.  C. 

Natick Adams,  A.  D. 

New  Bedford.  .Coggeshall,  R.  C.  P. 

North  Andover fexby,  M. 

North  Attleboro Plattner,  W. 

Oxford Wright,  J.  B. 

Reading Bancroft,  L.  M. 

SouTHBRiDOE Abbott,  G.  H. 

Springfield Loohridge,  E.  E. 

Welleslet Hersey,  F.  C. 

WB8T  80MBEVII,L..  {  f^^^i^^^  g. 

Williamstown Mears,  B. 

Worcester Batchelder,  G.  W. 


ASSOCIATE 

.  Florence Norwood  Engineering  Co. 

Indian  Orchard Chapman  Valve  Mfg.  Co. 

South  Boston Hersey  Mfg.  Co. 

Wakefield Lead  Lined  Iron  Pipe  Co. 

Worcester Union  Water  Meter  Co. 

MICHIGAN:  Active  27;  Corporate  4;  Associate  1;  Total  32 


active 


{Avres,  L.  E. 
Hoad,  W.  C. 
Williams,  G. 

Bat  City Dawson,  R. 

Bessemer Holley,  C. 

Cadillac Westover,  G. 

f  Clancy,  L.J. 
Earl,  R. 

Detroit Hubbell,  C. 

Leisen,  T.  A 
[  Mayo,  W.  B. 

EsoANABA Hatton,  W. 

T?T  T*«»  /  Baldwin,  F.  N 

^"'^ i  Bussell,  R.  S. 


S. 

c. 

R. 
D. 


W. 


J. 


{. . .  Cummin,  G.  C 
Fitzpatrick,  J.  R 
Sperry,  W.  A. 

Iron  Mountain Croll.  E.  A. 

Jackson Eneland,  R.  G. 

LuDDiNQTON Williams,  H,  L. 

Manistee Collins,  F.  W, 

Marquette Johnson,  W.  J. 

Mt.  Clemens Eeils,  A, 

MuNROE Sterling,  J.  C. 

Saginaw Eymer,  H.  H. 
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COBPOBATB 

Gband  Rapids Department  of  Public  Service 

T  A  liraT^T/^    /  Board  of  Water  and  Electri  c  Li  eht  Commissioners 

L.AN8INQ.  ^Michigan  State  Board  of  Health 

Saqikaw Saginaw  Water  Department 


Dbtboit. 


A8SOCIATB 

Flower-Stephens  Mfg.  Co. 


MINNESOTA:  Active  34;  Corporate  2;  Associate  1;  Honorary  1;  Total  38 


ACTIVB 


Austin Todd,  W. 

Cbisbolm Sullivan,  C.  J. 

Cbookbton Peterson,  E. 


r  Kelly,  E.W. 


Dulutb \  Reed,  D.  A. 

(Wilson,  John 

EvsLETB Dorway,  C.  M. 

Ferqus  Falus Leach,  W.  J. 

LiTTLB  Falls Gordon,  T.  C. 

Mankato Blomquist,  H.  F. 

•  Bass.  F.  H. 

Bernnagen,  L.  O. 

BirdsalT,  L.  I. 

Calkins,  W.  N. 

Cappelen,  F.W. 

Colenour,  R.  A. 

Duncanson,  A.V. 


MiNNBAPOUS. 


Minneapolis.. 


Rochester. 
St.  Cloud.. 


St.  Paul. 


Virginia. 


Jensen,  J.  A. 

Johnson,  E.  W. 
Jones.  W.  N. 

Newell,  C.  W. 
]  Van  Deusen.W.P. 
1  Whittaker.  H.  A. 
I  York,  E.  C. 
lYoung,  W.R. 
Holmes,  M.  G. 

Seibert,  J. 

Childs,  J.  A. 

Farns worth,  S.  A. 

Flanagan,  J.  C. 

Goss,  M.  N. 
f  House,  G.  O. 
[  Keller,  O.  E. 
....Harding,  C.  T 


corporate 


'  IBBING . .  Water  and  Light  Board 

TuACY Citizens  Light,  Heat  and  Power  Co. 


ASSOaATB 

DuLUTH. . .  Carbic  Manufacturing  Co. 

BONOBABT 

.  St.  Paul Bement,  R.  C.  B. 


MISSISSIPPI:  Active  6;  Total  6 


ACTIVE 


Canton Sharp,  J.  T. 

HATTiBSBUBa Joncs,  B. 

Mbridian Worrell,  M.  L. 


Senatobia Johnson,  H.  E. 

Vicksburg Steele,  J.  A.  Jr. 

Yazoo  City Butler,  J.  S. 
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MISSOURI:  Active  29;  Corporate  3;  Aasociate  1;  Honorary  1;  Total  34 


ACTIVE 


Hannibal Freiling,  H.  J. 

Indbpbndbncb Gallagher,  H.  A. 

Jbffbrson  City.  {Landi^^,  L.  B. 
'  Anderson,  J.  F.l 

Archer,  E.  T. 

Bardwell,  R.  C. 

Black,  E.  B. 

Burns,  C.  S. 

McDonnell,  R.  E. 
IVeatch,  N.  T. 

Sbdalia Andrews,  L.  P. 

Springfield Pate,  R.  L. 

8--I'°- {^Xg.I' 


Kansas  Citt. 


St.  Louis. 


Coult,  F.  H. 
Cutts,  F.  T. 
Day,  L.  A. 
Daily,  C.  M. 
Fuller,  W.  A. 
Graf,  A.  V. 
Henby,  W.  H. 
Hollman,  E.  E. 
Montfort,  W.  F. 
Nolte,  A.  G. 
Phillips,  C.  F. 
PhUlips,  H. 
Wall,  E.  E. 
t  Wilcox,  F.  L. 


CORPORATB 


BooNviLLB Board  of  Public  Works. 

Excelsior  Springs.  .Excelsior  Springs  Water  Gas  and  Electricity  Co 
Kansas  City Board  of  Fire  and  Water  Commissioners. 

associate 
St.  Louis American  Foundry  &  Manufacturing  Co. 

honorart 
St.  Louis Holman,  M.  L. 

MONTANA:  Active  4;  Corporate  1;  Total  5 

ACTIVE 

Billings Willett^J.  F.      Butte Carroll,  E. 

BozEMAN Cobleigh,  W.  M.      Miles  Citt Pruett,  G.  C. 

corporate 
Anaconda Anaconda  Copper  Mining  Co. 

NEBRASKA:  Active  6;  Corporate  1;  Total  7 

AcnvB 


Florence Jacobson,  A. 

Lincoln Letton,  H.  P. 


Omaha 


Barr,  W.  M. 
Jensen,  M.  A. 
Larmon,  F.  P. 
Prince,  G.  T. 


corporate 
Omaha Metropolitan  Water  Distrioi. 


NEVADA:  Active  2;  Corporate  1;  Total  3 

ACTIVE 

GoLDFiBLD Patrick,  C.  G.      Reno Campbell,  G.  A. 

CORPORATE 

Reno Reno  Power,  Light  &  Water  Co. 
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NEW  HAMPSHIRE:  Corporate  1;  Total  1 

CORPOBATE 

Nashua Pennichuck  Water  Works 

NEW  JERSEY:  Active  65;  Corporate  6;  Associate  6;  Total  77 


ACTIVB 


Atlantic  City. 


r  Decker,  J.  H. 
\  Van  Gilder,  L. 
BooNTON Breitake.  C.  F. 

Box'-B-- te^A^H^- 

Bridobton Fredrick,  W.  D. 

u«oTTx,«m^xr  /  Conard,  W.  R. 

BuRUNGTON \Probasco^S.R. 

f  Fithian,  F.  S. 
Camden Jones,  W.  C. 

(Long.  J.  H. 
CoLUNGSwooD Boroen,  M.  M. 

E-OH.KO. {ffie^'li 

E---™ {foAJ-D/H. 

Glen  Ridge Brooks,  J.  E. 

Haddonfibld Smith,  E.  H. 

Hoboken Anderson,  R.  M. 

Jamesburg Foersterling,  H. . 

Corbin,  C.  K. 

Fischer,  C.  H. 
i«-o»^  nrn^      J  Griffin,  J.  W. 
Jersbt  City...     Henry,  E.W. 

LaTourrette,  F. 
I  McLaughlin,  G.  E. 

Leonia Buswell,  A.  M. 

Little  Falls Green,  F.  W. 

Mbrchantyillb Rudderow,  M.  B. 

Moorbstown Bishop,  W. 

Morristown Pitney,  F.  V. 

N.wBRUNewicK...{J°»^;VH. 


New  Milford Spalding,  G.  R. 

Denman,  A.  R. 

Rosentretter,  H. 
Newark {  Sanzenbacher,  G. 

Schola,  R.  O. 

Sherrerd,  M.  R. 

N— {srd.u.^- 

Passaic Hopper,  W.  C. 

f  Cook,  J.  H. 
Patbrson {  Cuddeback,  A.  W. 

[  Edwards,  W.  R. 

P-™AMBOT {arn;aj. 

Phillipsburg Corr,  A.  S. 

Plainfield Gavett,  W. 

Pleasantvillb Herr,  J.  O. 

Princeton Eldridge,  H.  D. 

Rahway Simonds,  F.  W. 

RivBRTON Buck,  W.  H. 

Roselle  Park Crane,  A.  M. 

IBassett,  C.  P. 
KimbV-F.C. 
McMane,W.L 

Trenton Daggett,  F.  W. 

Upper  Montclair Goodell,  J.  M. 

Vineland Powers,  J.. 

f  French,  D.  W. 

Wbbhawkbn Miller,  E.  E. 

I  Parker,  C.  B. 
W'oodbridgb Mundy,  A* 


CORPORATE 

Camden Stockton  Water  Co.,  The 

Dover Dover  Water  Coranrs. 

East  Orange Board  of  Water  Commissioners. 

MiLLviLLB Millville  Water  Company. 

Trenton Trenton  Water  Works. 

Wildwood Board  of  Water  Commissioners. 

ASSOCIATE 

Ampere Lock  Joint  Pipe  Co. 

East  Oranqb Smith  Mfg.  Co.,  A.  P. 

Jersey  City .Dixon  Crucible  Co. 

Newark Gamon  Meter  Co. 

Nutley N.  Y.  Cont.  Jewell  Filt.  Co. 

Trenton DeLaval  Steam  Turbine  Co. 
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NEW  MEXICO:  Corporate  2;  Total  2 

CORPORATE 

Deming United  Land  &  Water  Co. 

East  Las  Vegas Agua  Pura  Co. 

NEW  YORK:  Active  181;  Corporate  14;  Associate  43;  Total  238 


Albany. 


Acrm 
'  Greenalch,  W. 
Horton,  R.  E. 
Horton,  T. 
Schwartz,  F.  W. 
Sherman,  R.  W. 
^  Suter,  R. 

Amstbrdam Dwyer,  C. 

Auburn Ackerman,  J.  W. 

Avon Clark,  W.  H. 

Bat  Shore  (L.  I.) Sands,  C.  G. 

B...MOHB(L.I0....{fX„ron)^P.'=- 
Brockport Ross,  C.  H. 

Aeryns,  A.  N. 

Hale,  F.  E. 
Brooklyn -  Hendrick,  W.  M. 

Lott,  E.  H. 

Metcalf,  J.  T. 

f  Andrews,  G.  C. 

I  Bassett,  G.  B. 
Buffalo ]  Huy,  H.  F. 

I  Spire,  L.  S. 

I  Wagner,  H.  F. 

Camp  Upton Armstrong,  R.  W. 

Cbdarhurbt Lord,  F.  B. 

Corning Drake,  W.  O. 

Cortland Ott,  E.  W. 

DouGLASTON Brooks,  J.  N. 

^ast  Rochester Babcock,  G.  H. 

Elmhurst  (L.  I.)-  •  .Budelman,  G.  A. 

^LMiRA Jones,  H.  F. 

Endicott Waterman,  F.  L 

r  Bettes,  C.  R. 
Far  Rockaway ]  Durland,  S.  N. 

[  Steams,  H.  P. 

Gbneseo Meeker,  G.  R. 

r  Orr  A 
GLOV.R8VILU! {  Vroomkn,  M. 

Herkimer Sluyter,  E.  W. 

Hudson Longley,  F.  J. 

Huntington Irwin,  T.  E. 

Ithaca Chamot,  E.  M. 

Jamestown Hapgood,  L.  P. 

Kingston Harrison,  J.  H. 

Long  Beach Carstein,  L.  W.  F. 

Long  Island  City.  .  Bleistein,  B.  J. 

Merrick Spear,  W.  E. 

Mt.  Kisco Sawin,  L.  R. 

MT.V«BKON.......{Tol|^«|.,F.a^ 

New  Rochblle Kemble,  F.  T. 


New  York 


Andrews,  R.  E. 
Applebaum,  S.  B. 
Baker,  M.  N. 
Baldwin,  H.  deF. 
Barnes,  T.  H. 
Beyer,  A.  H. 
Biggs,  G.  W., 
Blossom,  F. 
Bogart,  J. 
Bowles,  J.  T.  B. 
Brightman,  H.  I. 
Brown,  R.  H. 
Brush,  W.  W. 
Bull,  I.  C. 
Buttennheim,  H.  S. 
Calvo,  A.  R. 
Cleverdon,  W.  S.  L. 
Cole,  E.  S. 
Corbin,  H.  K. 
Coulter,  W.  S. 
Dennett,  R.  C. 
deVarona,  I.  M. 
Diven,  J.  M.,  Jr. 
Donaldson,  W. 
Donnelly,  K.  J. 
Drew,  J.  A. 
Duggan,  T.  R. 
Dunham,  H.  F. 
Everett,  C.  M. 
Ferguson,  S.  F. 
Flinn,  A.  D. 
Folwell,  A.  P. 
Fuertes,  J.  H. 
Fuller,  G.  W. 
Goldsmith,  C. 
Gould,  J.  W.  DuB. 
Gregory.  J.  H. 
Griswold,  F.  M. 
Gubelman,  F.  J. 
Hammer,  E.  W. 
Hansen,  A.  E. 
Hazen,  A. 
Hering.  R. 
Hill,  N.  S.,  Jr. 
Hoagland,  I.  G. 
Hodgman,  B.  B. 
Hoffmaster,  G.  E. 
Hone,  F.  deP. 
Hulett,  M. 
Jackson,  D.  D. 
Johnson,  G.  A. 
[  Kienle,  J.  A. 
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Newburgh 

Norwich 

Ogdensburg . . . 

OflBINING 

POUGHKEEPSIE . 

PxTRDT  Station 


Rochester. 


Rome 

Staplbton. 


Syracuse  . . . 
Tarrttown. 


Trot. 


r  Kilpatrick,  J.  D. 
Klingberg,  W. 
Knox,  S.  K. 
Kriegsheim,  H. 
Lodden.  E.  M. 
Lobo,  C. 
Longley,  F.  F. 
McCarthy,  D.  B. 
McClintock,  J.  R. 
McKim,  R.  A. 
Machen,  H.  B. 
Manahan,  E.  G. 
Nelson,  F.  B. 
O'Meara,  R.  J. 
Orchard,  W.  J. 
Pirnie,  M. 

Potter,  A. 

Potts,  C. 

Provost,  A.  J. 

Purdy,  J.  H. 
NbwYork^  Rector,  F.  L. 

Rider,  J.  B. 

Rodman,  G.  E. 

Shepperd,  F.  W. 

Smith,  J.  W. 

Smith,  M.  H. 

Stevens,  H.  C. 

Taber,  G.  A. 

Taylor,  H.  W. 

Toal.  D.  C. 

Tribus,  L.  L. 

Tuttle,  A.  S. 

Vermeule.  C. 

Wagner,  6.  M. 

Walradt,  A.  E. 

Wells,  G.  M. 

Wij^ley,  C.  G. 

Wilson,  E.  K. 

Wyckoff,  C.  R. 

Yereance,  W.  B. 
Newark Scarth,  S. 


CORPORATE 

4rro::::;;;;/::v;/.:weBterBNewYor! 

Nbw  York \  Urban  Water  Supply  C 

OwEOO  OwegoWate 

sZ^r Sidney  Wat< 

i'Jl^RN Suffem  Water  Co 

WA^nTOWN. :;. Watertown  ^ 

White  Plains Department  I 


TUPPBR  Lake. 

Utica 

Watbrpord.. 

Watbrvlibt.. 

woodhaven.. 

YONKBRS 
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AB80CIATB 


Brooklyn . 
bxtffalo. . . 

Eliiiba 


New  York  . 


Newburoh 

Palmyra 

Seneca  Falls  . 


Troy 

Watbrford. 


Thomson  Meter  Co. 

/  Buffalo  Meter  Co. 

I  Taylor  Co.,  W.  P. 

/  Kennedy  Valve  Mfg.  Co  ,  The 
"  \  Wyckoff  &  Sons  Co.,  A. 
Alberger  Pump  Co. 
American  Bitumastic  Enamels  Co. 
American  City 
American  Spiral  Pipe  Works 
Arnold,  Hoffman  A.  Co. 
Central  Foundry  Co. 
East  Jersey  Pipe  Co.,  The 
Electro  Bleaching  Gas  Co. 
Eimer  &  Amend 
Engineering  News-Record 
Fox  &  Co.,  John 
Gilleppie,  T.  A 
Kalbflelsch   Corporation 
Kellogg  &  Co.,  E.  H. 
Lockwood,  H.  S. 
Maritimo  Coating  Corp. 
Municipal  Journal 
National  Meter  Co. 
National  Water  Main  Cleaning  Co. 
Neptune  Meter  Co. 
Pacific  Flush  Tank  Co. 
Permutit  Co.,  The 
Pitometer  Co.,  The 
Sanitation  Corporation 
S.  E.  T.  Valve  &  Hydrant  Co. 
United  Lead  Co. 
United  States  Rubber  Co. 
Wallace  &  Tiernan  Co. 
Warren  Foundry  &  Machine  Co. 
Water  Works  Equipment  Co. 
Worthington  Pump  <fe  Machinery  Co. 

Coldwell-Wilcox  Co. 

Garlock  Packing  Co. 

Gould,  Norman  J. 

{Ludlow  Valve  Mfg.  Co. 
Rensselaer  Valve  Co. 
Ross  Valve  Mfg.  Co.,  Inc. 
Eddy  Valve  Mfg.  Co. 


NORTH  CAROLINA:  Active  16;  Total  16 


ACTIVE 


r  Christie,  J.  G.  C. 
Charlotte ]  Goentner,  W.  B. 

I  Vest,  W.  E. 
Concord Fisher,  L.  A. 

i>^=- {S:'g':8: 

Eagle  Sprinqb Maurice,  G.  H. 

Elizabeth  City Lewis,  R.  E. 


GoLDSBORO Grantham,  C.  M. 

Greensboro Foushee,  J.  G. 

Greenville Allen,  H.  L. 

T»  /  Bain.  E.  B. 

^^='^^ \Booker,W.H. 

Salisbury Neave,  J.  W. 

Wilmington Catlett,  G.  P. 

Winston-Salem Ludlow,  J.  L* 
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NORTH  DAKOTA:  Active  5;  Honorary,  1:  Total  6 


ACTIVE 


BiSMABCK Atkinson,  T.  R. 

T?A«r,/>  /Anders,  F.  L. 

*^^^°^ i  Blakemore,  R.  B. 


Grafton Smith,  K.  H. 

Grand  Forks Smith,  J.  J. 


HONORARY 

Bismarck Caulfield,  J. 

OHIO:  Active  44;  Corporate  3;  Associate  9;  Total  56 


AOTIVB 


Barnssvillb Hobbs,  R.  A. 

Chillicothe Poland,  J.  A. 

Bitgood,  F.  C. 

Boeh,  \V.  H. 

Hauser,  S.  J. 

Hill,  J.  W. 

Miller,  C.  N. 

Pollard,  S.  G. 

Stromquist,  W.  G. 

Wagenhals,  H.  H. 

'  Beardsley,  J.  C. 
Dusinberre,  G.  B. 


CiNCTNNATI. 


Clbvbland. 


Columbus. 


Quayle,  LeR.  A. 
^  Schulz,  C.  F. 
'  Hair,  M.  Z. 

Burgess.  P. 

Dittoe.  W.  H. 

Eno,  F.  H. 

Hoover,  C.  P. 

Mc Alpine,  A.  H. 

Martin,  J.  C. 

O'Shaughnessy,  J. 

Richards,  A. 


r'^TTTwnTTo  /  Roberts,  E.  I. 

^^^^^^« i  Waring,  F.H. 

n .  ^^r^^r  !  Barlow,  J.  E. 

^^^'^oN Iwi^htH.a 

Delaware Wiles,  C.  W. 

Dennison Romig,  C.  O. 

Freemont Mohler,  B.  M. 

Ironton Hefifelfinger,  J.  M. 

Kent Messer,  S.  F. 

London Fisher,  E.  P. 

Lorain Brown,  C.  A. 

Mansfield McGinty,  J.  H. 

Massillon Inman,  A.  W. 

Shelby Bricker,  R.  P. 

Simons Britton,  G. 

Tiffin Wetter,  C.  H. 

(Brown,  C.  S. 
Toledo ]  Cbampe,  G. 

[  Sherman,  W.  J. 

Wellington Gadfield,  C.  E. 

Xenia Cooper,  G.  F. 


CORPORATE 

Lorain Lorain  Water  Works 

Marion Marion  Water  Co.,  The 

Youngstown Mahoning  Valley  Water  Co.,  The 

ASBOCIATB 

{Bourbon  Copper  &  Brass  Works  Co. 
Jarecki  Chemical  Co. 
McGowan  Co.,  The  John 

[  Central  Brass  Mfg.  Co.,  The 
n.  »,r«,  .  *,^  J  Farnan  Brass  Works  Co.,  The 

Cleveland ^  Qi^uber  Brass  Mfg.  Co. 

[  United  Brass  Mfg.  Co. 

Dayton Piatt  Iron  Works  Co, 

Massillon Massillon  Iron  &  Steel  Co.,  The 


OKLAHOMA:  Active  2;  Total  2 


aotiyb 


Bartlesvillb Brua,  E.  G. 

MusKooEE Wood,  H.  H. 
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OREGON:  Active  3;  Corporate  1;  Total  4 

▲CfTIYB 

HiLLSBORO Gates,  H.  V.      Portland {  wufw^d  e'  C 

COIiPORATE 

Portland Dept.  of  Public  Utilities 


PENNSYLVANIA:  Active  107;  Corporate  9;  Associate  24;  ToUl  140 


ACTIVS 


Altoona Campbell,  C.  B. 

AiiBLBR Devine,  W.  J. 

AsPiNWALL Drake,  C.  F. 

Bala Rainscy.  \V.  H.  C. 

Berwick Hicks,  J.  S. 

Brookvillb Sayer,  F.  D. 

Bucks  Hill  Falls,  Thompson.  C.  N. 

Carusls Failer,  C. 

Chambbrsburq McGrath,  F.  R. 

CHE8TEB iji'K"*'°^'''^S- 

\  Champion,  R.  B. 

Clbarpibld Nevling,  J.  B. 

Columbia Meyers,  A.  H. 

CoRRT Brown,  R.  W. 

T^  /  Krieger,  A.  A. 

^^««Y (Klein,  W.I. 

DoTLB8T«WN Bishop,  W. 

East  Pittsburgh Holmes,  A.  G. 

Easton Rader,  R.  P. 

„  r  Dunwoody,  J.  H. 

^^® 1  Humphrey,  E.  W. 

Florin Nissly,  E.  L. 

Germantown Corin,  M.  F. 

Grbbnsburg Smith,  L.  B. 

'  Crtine,  J.  L. 
Emerson,  C.  A. 
Knisely,  J.  H. 

[  Schaup,  C.  E. 

Trv»vT<.mrv«,xT  rCrichton,  A.  B. 

Johnstown |  Watkins,  T. 

T  ^^n.a^^  f  Shaw,  F.  H. 

Lancaster \WilI,  C.K. 

LBHiokTON West,  G.  M. 

Lbwiston Cooper,  S.  W. 

McKbbsport Trax,  E.  C. 

A>r,.r.^TT-  /  Ellsworth,  H. 

Mbadvillb \  Irwin,  R.E. 

MoNESSEN McCabe,  H.  D. 

MONONQAHELA Nutt,  J.  A. 

Mount  Union Bergan,  P.  H. 

NoRRiSTOWN Jackson,  R.  A. 

North  East Leet,  J.  N. 

Bartlett,  N.  E. 

Bean,  G.  L. 
Philadelphia.  .     Birkenbine,  C.  P. 

Boardman,  W.  H. 

,  Buerger,  C.  B. 


Harrisburg. 


Philadblphia  . 


r  Davis,  C.  E. 

Dunlap,  F.  C. 

Durst,  J.  A. 
I  Grayson,  T.  J. 

Gushee,  E.  G. 

Keen,  H.  P. 

Kneen,A.  H . 

Ledoux,  J.  W. 

Lightfoot,  J.  C. 

Manx,  L.  C. 

Miller,  C.  F. 

Nichol,  E.  M. 

Quinn,  M.  P. 

Russell,  N.  F.  8. 

Siddons.  J.  8.  V. 

Stone,  R.  D. 

Tarr,  H.  G.  H. 

Tolson,  A. 

Trautwine,  J.  C. 

Van  Loan,  S.  M. 

West,  F.  D. 

Wheeler,  R.  C. 

Wood,  E.  R.,  Jr. 
,  Wood,  W. 

Baton,  W.U.C. 

Chester,  J.  N. 

Handy,  J.  O. 

Hopkins,  N.  F. 

Hudson,  L. 

Knowles,  M. 

Leopold,  F.  B. 

Mellon,  T.  A. 

Rees,  S.  P. 

Scharff,  M.  R. 

Shepherd.  A.  B. 
,  Taylor,  8.  A. 

PoTTSViLLE Pollard,  W.  D. 

(Felix,  G^H. 
Reading 


Pittsburgh. 


Heller,  F.  P. 
Nuebling,  E.  L. 

^^^ {xaylofaR. 

Shamokin Mo  Williams,  C.  Q. 

South  Bethlehem.... Watters,  G.  L». 

SuNBURT Rohrbach,  W.  R. 
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Verona Moore,  G.  H. 

Washington Donnan,  A.      Williamspoi 

Wayne Pugh,  M.  R. 

WILKES-BaRRB (  J^''^®'  i{  ^  WOMELSDORI 

\  Lance,  O.  M.      York 

WlLKINSBURG {  l^^Sy^^  ^  c. 

CORPORATE 

Eagles  Mere Eagle 

Easton South  i 

Erie Erie  Commissioneri 

Milton White  Deer  Moi 

Mount  Carmel Mount  C 

Pittsburgh T] 

Reading 

ScRANTON Scranton 

Williamsport Williai 

ASSOCIATE 

Berwick N 

Bradford , Dress 

East  Pittsburgh Pit1 

Emaus Dc 

Erie 

LiNFiELD Sanitary  Co 

'  American  Manganese  Bronz 
American  Pipe  &  Construct: 
Boyd  &  Bro.,  James 
Harrisons,  Incorporated 
Leadite  Co.,  The 
Lennig  &  Co.,  Charles 
McBr&e,  T.  C. 
Pennsylvania  Salt  Mfg.  Co. 
Roberts,  C.  V. 
Schram  &  Son,  Chris.  D. 
Simplex  Valve  &  Meter  Co. 
United  States  Cast  Iron  Pip 
Wood&Co.,R.D. 


Philadelphia. 


r  Berg,  J.  D. 
J  Pittsbu    " 


Pittsburgh  i  Pittfl»>^«^  F^^ 

riTTSBURGH <  pittaburdi-Dc 

t  Woods,  Floyd 
Williamsport Darling  Pump 

RHODE  ISLAND:  Active  2;  Associate  1;  Total  3 

AcnvB 

Bristol Jones,  J 

Providence Smith,  ( 

ASSOaATB 

Providence.  .Builders'  Iron  Foi 

SOUTH  CAROLINA:  Active  7;  Corporate  1;  Total 

AcnvB 

Columbia Wyse,  F.  C. 

Greenwood Cothran,  T.  W.      Spartanburi 

Midland  Park Worthen,  J.  M. 

Union 

corporate 
Charleston Comnrs.  of  Pub 
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SOUTH  DAKOTA:  Active  2;  Total  2 

ACTIVB 

Rapid  City Mangold,  J.  F. 

Sioux  Falls Connor*  F.  J. 

TENNESSEE:  Active  13;  Corporate  2;  Associate  2;  Total  17 

ACTIVB 

Chattanooga Lofton,  II.  M.      Maryville Huston,  R.  C. 

Dybrsburg Blakeman,  S.  R.      Memphis Layne,  M.  E. 

Etowah Price,  W.  H.  f  Aheam,  J.  T. 

Fountain  City Murphy,  A.  R.  Bulkley,  O.  E. 

Jackson Harris,  H.  M.      Nashville Elliott,  R. 

Knoxville Switzer,  J.  A.  Reyer,  G. 

( Treanor,  P.  \V. 
corporate 

Columbia Columbia  Li^ht  &  Water  Co. 

Memphis.  ..Memphis  Artesian  Water  Dept. 

associate 

Chattanooga Columbian  Iron  Works 

Memphis Layne  &  Bowler  Co. 

TEXAS:  Active  6;  Corporate  2;  Honorary  1;  Total  9 

active 

f  Elrod,  H.  E.  Fort  Worth Eldredge,  G. 

Dallas -j  Hard^irave,  A.  San  Antonio Harding,  R.  J. 

Rosenthal,  H.  Waco Martin.  A.  M. 

CORPORATE 

Temple Temple  Water  Works 

Waco Waco  Water  Works 


HONORARY 

Galveston Cameron,  W.  L. 


JTAH:  Active  1;  Total  1 

ACTIVE 

Salt  Lake  City Barrett,  C.  F. 

VERMONT:  Active  2;  Total  2 

ACTIVE 

Bennington Ayres,  J.  H. 

TUrRLiNGTON Moat,  C.  P. 

VIRGINIA:  Active  16;  Corporate  2;  Associate  2;  Total  20 

ACTIVB 

Charlottesville Carter,  C.  D. 

f  Boyle,  E.  C. 
City  Point {  Showell,  E.  B.  Jr. 

i  Warner,  W.  S. 

Danville Talbott.  F. 

Fredericksburg Goodrick,  E.  H. 

Lynchburg Perrow,  M.  G. 


Newport  News. 


/  Livezev,  W. 
iManviJlc,  F. 


B. 
D. 


Norfolk Bliven,  C.  H. 

p— BUBO {ES'F.-i: 

r  Boiling,  C.  E. 
[Messer,  R. 
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COBPOBATE 

Alexandria Alexandria  Water  Co. 

Ro  ANOKB Vinton-Roanoke  Water  Co. 

ASSOCIATE 
LTKCHB.HO.     .  {  GJ^OJSS^  P^XC^'^  ''°' 


WASHINGTON:  Active  6;  Corporate  2;  Total  8 


ACTIVE 


Chelan Harper,  L.  V.      rp^^^^ ,  /  Everette,  W.  E. 

HoQUiAM Heermans,  H.  C.      ^  ^coma |  Roberts,  W.  J. 


Spokane Harding,  G 


''B^.K^uTcrsI McRacHC. 


CORPORATE 


Anacortes.  .  .Washington  Power,  Light  and  Water  Co. 
Spokane Superintendent  Water  Division 


WEST  VIRGINIA:  Active  7;  Total  7 

ACTIVE 


Blububld McCarthy,  W. 

r  Davisson,  W.  C. 
Charleston \  Tisdale,  E.  S. 

ITolman,  M. 


CHARLBsroN Wardlc,  A.  N. 

Clarksburg Highland,  S.  G. 

Moundsville Hetzer,  M. 


WISCONSIN:  Active  24;  Corporate  1;  Associate  2;  Total  27 


active 


Ashland 

Bbloit 

Green  Bat. 
Kenosha 


Madison. 


Milwaukee  . 


Wheeler,  S. 

/  Lyons,  B.  F. 
•  •  •  \  Salmon,  C.  B. 

Flatley,  J.  P. 

Brennan,  B.  C. 

IBascom.  G.  R. 
Mead,  D.  W. 
Miller,  W.  E. 
Smith,  L.  A. 
Benzenberg,  G.  H. 
Bohmann,  H.  P. 
Engh,  H.  M. 


Milwaukee.  . 


Ferebee,  J.  L. 
Hatton,  T.  C. 
Murphy,  F.  J. 
Sancfo.  W.  J. 


[  Strothman,  L.  E. 

Monroe Gettings,  M.  T 

Port  Edwards  . . .  Gochnauer,  H.  W . 
South  Milwaukee Neary,  J.  H. 

S— {&^w",'^V.V- 

Waukeshaw Hay  ford,  B.  B. 

West  Allis Vinal,  C.  H. 


corporate 

LaCrosse LaCrosse  Board  of  Public  Works 

associate 

MTT<«r«Tr«'.«.  /  Allis-Chalmcrs  Mfg.  Co. 
Milwaukee.  [  BadgerMeter  Mfg.  Co. 
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WYOMING:  Active  2;  Total  2 

ACTIVB 

Chbtbnnb Carlisle,  C.  C.      Rock  Springs Bell,  D.  V. 

CANADA:  Active  53;  Corporate  8;  Associate,  1;  Total  62 


ACTIVB 


Brandon,  Man.  . . 

Brantford,  Ont.  . 

Brockvillb 

Edmonton,  Alt  a. 

Kitchener,  Ont. 

Lindsay,  Ont 

London,  Ont 

Merriton.  Ont.. 


Montrsal. 


Moose  Jaw,  Sask 


Shaw,  A.  W. 

/  Frank,  F.  W. 
•  •  \  Webster,  D.  L. 

Bryson,  0.  H. 

Owens,  R.  B. 

f  Hymmen,  H. 

\  Michel,  B.  G. 

.Hammond,  W.  H. 

r  Hodkinson,  T. 

"'  \ Moore,  J.  M. 

Clark,  R. 

Francis,  W.  J. 
Hunter,  H.  G. 
Laberge,  F.  C. 
Lafreniere,  T.  J. 
Lea.  R.  S. 
Leclerc,  P. 
Lesage,  R. 
Lesage,  T.  W. 
McCrady,  Mac  H. 
Mercier,  F.-E. 
Perry,  W. 
Pitcher,  F.  H. 
Plamondon,  A. 
Ross,  R.  A. 
Surveyor,  A. 
...Mackie,  G.  D. 


Niagara  Falls,  Ont Warder,  C. 

r  McRae,  J.  B. 

Ottawa MacDonald,  W.  E. 

Race,  J. 

Perth,  Ont Smith,  R.  J. 

St.  Catharines Milne,  A. 

Ste.  Anne  db  Belle vue  .  .Stephen,  C. 

Angus,  R.  W. 

Chipman,  W. 

Conway,  G.  R.  G. 

Dallyn,  F.  A. 

Fellows,  C.  L. 

Gaby,  F.  A. 

Gore.  W. 

Harris,  R.  C. 

Mitchell,  C.  H. 

Randall,  W.  H. 

Rust,  C.  H. 

Salmond,  J.  J. 

Storrie,  W. 
[  Wynne-Roberts,  R.  0. 

Trenton Hicks,  A.  T. 

Walkebvillb,  Ont Brown,  C.  D. 

[  Blair,  McC.  P. 

Wxkkipbo,Man te^VirV- 

[  Stainton,  H. 


Toronto . 


corporate 


Brantford Brantf ord  Water  Commissioners 

Galt Gait  Water  Commission 

London Public  Utilities  Commission 

Peterborough  .  .Peterboroui^  Utilities  Commission 

Sault  Ste.  Marie City  Water  &  Light  Co. 

St.  Thomas St.  Thomas  Water  Commissioners 

Waterloo — Waterloo  Water  &  Light  Commission 
Winnipeg Greater  Winnipeg  Water  Dist. 

associate 
Toronto Canadian  Engineer,  The 


FOREIGN:  Active  38;  Corporate  1;  Associate  2;  Honorary  1;  Total  42 


ARGENTINA: 
Bahia  Blanca Anthony,  C. 

B'^-o^A.BEs {ix:B.M: 


active 

AUSTRALIA: 

iHargreaves,  J. 
Henderson,  J.  R 
Peart,  J. 
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AUSTRALIA: 

MiLLBROOK Bradley,  E.  J. 

Newcastle Ewing,  James 

North  Sydney Smith,  C.  W. 

Perth Trethowan,  H.  C. 

Port  Augusta,  .  .Saunders,  F.W.T. 

BRAZIL: 
San  Paulo Pedroso,  A.  M. 

CENTRAL  AMERICA: 
San  Salvador Klein^  F. 

CANAL  ZONE: 
Balboa  Heights Bunker,  G.  C. 

CHILE: 
Santiago Neut,  G. 

CUBA: 

Havava  f  Cosculluela,  J.  A. 

^^^^^ \  Montoulieu.  H.  J. 

Matanzas Heydrich,  A. 

Salamanca Hobby,  A.  S. 

ENGLAND: 

Bsxhill-on-Sea King,  C.  P. 

TuNBRiDGE Jarvis,  A.  C. 


FRANCE: 
Paris Cavallier,  C. 

HAWAII: 
Honolulu Murray,  H.  E. 

INDIA: 
Namtu  (Burma) . . .  Jenks,  H.  N. 

n^^r^r^^  !  Cameron,  A.  P. 

^^"^"^ \Lawton,kw. 

IRELAND: 
Wexford Wickham,  J.  T. 

JAPAN: 

Trv-^rv  /  Inoue,  S. 

T^^^ \NishiMda,S. 

MEXICO: 

Guadalajara Blake,  C.  H.  M. 

PHILLIPINE  ISLANDS: 
Manila Gideon,  A. 

RUSSIA: 

PK™oaH.....{|Sv5S:l-.B. 
SCOTLAND: 

Aberdeen Mitchell,  G. 

Dalcross Mcintosh,  W.,  Jr. 

STRAITS  SETTLEMENTS: 
Singapore Tomlinson,  S. 


^       CORPORATE 
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WHAT  INTERESTS  WATER  WORKS  MEN  MOST 

At  the  St.  Louis  convention  the  proposal  to  make  the  Journal  a 
more  useful  publication  met  with  warm  approval.  To  do  this 
makes  it  necessary  for  the  Publication  Committee  to  try  to  solve 
the  old  and  troublesome  question  of  what  interests  water  works 
men  most.  The  technical  journals  have  their  editorial  representa- 
tives traveling  about  all  the  time,  meeting  the  men  who  are  in 
charge  of  all  kinds  of  work  and  thus  learning  what  they  wish  to 
know  as  well  as  what  they  are  doing.  They  succeed  as  they  keep 
in  touch  with  their  field  in  this  way,  and  they  fail  as  they  edit  their 
journals  from  the  oflSce  chair  alone.  Each  member  of  the  Publi- 
cation Conmiittee  is  busily  engaged  in  solving  his  own  problems  of 
administration  and  construction  and  investigation;  none  has  time 
to  travel  about  on  editorial  work.  Consequently,  at  the  outset  of 
the  new  duties  put  upon  the  Publication  Committee,  the  members 
of  the  Association  should  let  the  Committee  know  what,  in  their 
opinion,  is  the  field  in  which  water  works  men  take  most  interest. 

It  is  a  most  troublesome  and  bewildering  experience  to  spend  long 
study  and  carry  on  protracted  correspondence  in  order  to  write  a 
comprehensive  summary  of  the  present  views  held  on  a  subject  of 
really  great  importance,  only  to  find  that  this  report  is  regarded  as 
a  dead  issue.  Such  an  experience  is  not  likely  to  encourage  those 
who  have  had  it  to  renewed  activity  of  this  character.    For  example, 

395 
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take  the  report  of  the  C9minittee  on  Depreciation.  After  a  great 
amount  of  correspondence  and  study,  the  committee  prepared  a 
report  which  was  submitted  at  the  Richmond  convention,  along 
with  a  minority  report  by  one  of  its  members.  The  subject  was  so 
important  and  the  report  was  known  to  be  the  result  of  so  much 
effort,  that  rather  than  take  hasty  action  on  it,  the  report  was 
ordered  printed  and  distributed  to  the  members  and  placed  on  the 
program  of  the  next  convention  for  final  discussion  and  action.  But 
at  St.  Louis  the  matter  had  been  so  forgotten  that  no  action  was 
taken  in  accordance  with  the  vote  of  the  Association  the  year  before, 
and  the  fact  that  the  conmiittee  had  been  discharged  at  its  own  re- 
quest at  Richmond  was  overlooked.  As  a  result  one  of  the  most 
important  reports  made  to  the  Association  still  remains  without 
action  and  existing  only  in  pamphlet  form. 

This  report  was  a  subject  of  great  interest  at  Richmond;  it  was 
a  dead  letter  at  St.  Louis.  What  then  should  be  the  guid^  of  the 
Publication  Committee  in  determining  matters  of  interest  to  the 
members  of  our  Association?  Letters  from  acquaintances  tell  what 
interests  them;  I  know  what  interests  me.  But  one  man's  circle 
is  a  small  one;  the  Committee  wishes  to  know  what  interests  water 
works  men  all  over  the  country,  so  it  can  make  the  Joxtrnal  a  very 
live  help  to  them,  whether  they  are  managing  a  small  plant  or 
managiQg  the  water  supply  of  a  great  city.  The  Conmiittee  cannot 
send  a  letter  of  inquiry  to  every  water  works  man  in  the  oountiy 
about  this  matter.  But  every  member  of  the  Association  who  feels 
that  a  live  journal  wUl  be  useful  to  him  should  let  the  Publication 
Conmiittee  know  how  it  should  be  changed  to  make  it  more 
serviceable  to  him  personally. 

A.  W.   CUDDEBACK. 

CONSERVATION    OF   WATER    SUPPLY    BY   WATER    WASTE    PREVENTION 

INSPECTION 

The  participation  of  the  United  States  in  the  World  War  has  more 
forcibly  than  ever  before  impressed  water  works  oflBcials  with  the 
necessity  of  conservation  of  water  supply.  The  federal  authorities 
responsible  for  the  prosecution  of  the  war  are  daily  urging  the  use 
of  what  was  formerly  wasted,  to  reduce  the  demand  for  labor  and 
materials.  The  water  consumption  of  communities  is  being  studied 
to  determine  whether  undue  waste  of  water  exists,  and  if  so,  a  de- 
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mand  is  made  to  curtail  such  waste.  Coal  is  to  be  allotted  on  the 
basis  of  the  actual  water  needs  of  cities  with  waste  stopped,  as  far 
as  practicable.  Whether  our  federal  representatives  have  or  have 
not  taken  action  on  the  fuel  allotment  of  a  given  community;  aU 
should  be  interested  in  water  supply  conservation  for  one  of  the 
following  reasons: 

f^a.  To  avoid  shortage  in  supply,  due  to  abnormal  growth  in  con- 
sumption, on  account  of  war  activities. 

6.  To  conserve  fuel  and  labor,  where  pumping  of  the  water  is 
necessary. 

c.  To  relieve  the  overload  on  delivery  mains,  filters  and  other  es- 
sential parts  of  a  water  supply  system  which  cannot  be  duplicated 
under  war  conditions.- 

Emphasis  has  in  the  past  been,  and  is  now  being,  laid  on  the  use 
of  meters  to  reduce  the  demands  for  water,  by  checking  waste. 
Only  slight  effort  has  been  made  to  direct  attention  to  the  excellent 
and  almost  immediate  results  in  water  waste  prevention  that  can 
be  obtained  from  house  to  house  inspection.  Under  present  labor 
and  material  conditions  it  is  both  difficult  and  expensive  to  obtain 
and  set  meters.  By  the  expenditure  of  a  small  fraction  of  the  labor 
necessary  to  install  the  meter,  the  premises  can  be  examined  and 
plumbing  repaired,  to  prevent  waste  from  leaks.  It  is  estimated  that 
in  generally  unmetered  communities,  water  can  be  saved  by  a  yearly 
inspection  of  the  premises  at  a  cost  of  approximately  $5  per  million 
gallons.  No  additional  water  can  be  obtained  at  a  price  that  even 
approaches  this  figure. 

The  water  works  superintendent  should  not  n^ect  the  possi- 
biUties  of  conserving  his  supply  and  reducing  his  operating  expenses, 
through  the  periodical  examination  of  plumbing  within  the  houses. 
New  York  and  Buffalo  have  recently  found  that  many  million  gal- 
lons daily,  and  tens  of  thousands  of  dollars  annually,  are  saved  by 
the  inspection  of  premises  to  detect  and  stop  leaks.  Men  for  this 
work  may  be  readily  trained  and  immediately  secure  results.  By 
their  use  the  careless,  wasteful  consumer  is  made  to  save  the  water 
that  his  careful  and  conscientious  neighbor  pays  for. 

It  is  not  intended  to  create  the  impression  that  house  to  house 
inspection  should  be  considered  as  a  satisfactory  permanent  sub- 
stitute for  general  metering.  The  measurement  of  and  payment 
for  water  furnished  can  only  be  equitably  based  on  records  of  meters 
attached  to  each  premise.    There  is  no  water  waste  preventive 
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equal  in  efficiency  to  a  meter,  but  there  may  be  many  reasons  why 
meters  cannot  be  installed.  The  examination  of  water  fixtures  by 
inspectors  is  now  urged  as  a  valuable  aid  in  reducing  water  consump- 
tion diuing  the  period  which  must  elapse  before  meters  can  generally 
be  installed  under  the  war  time  conditions  existing  in  this  country. 

W.  W.  Brush. 

WRiriNG  FOR  PUBLICATION 

Every  experienced  superintendent  is  confident  he  can  edit  his 
favorite  trade  paper  better  than  it  is  now  edited,  at  least  in  some 
particulars.  Yet  the  fact  is  that  the  publishers  of  trade  papers, 
whose  success  depends  upon  their  ability  to  produce  publications 
which  large  numbers  of  specialists  like  enough  to  buy,  use  only  a 
very  small  part  of  the  information  in  the  articles  presented  by  these 
specialists  before  technical  societies.  Furthermore,  there  are  only  a 
very  few  technical  societies  which  publish  journals  that  even  pay 
expenses,  imless  a  wholly  unreasonable  proportion  of  the  annual 
dues  are  assumed  to  be  paid  solely  for  the  journals.  The  societies, 
such  as  the  Society  of  Chemical  Industry,  which  publish  profitable 
journals,  conduct  this  part  of  their  activities  precisely  like  the 
publishers  of  trade  journals.  Therefore  it  is  reasonable  to  believe 
that  the  methods  of  editing  a  successful  trade  journal  are  worth 
explaining  at  this  time  to  the  members  of  the  American  Water 
Works  Association,  for  our  printers  haVe  been  compelled  to  increase 
their  charges  for  publishing  our  Journal  about  one-third,  and  it  is 
necessary  to  adopt  more  economic  methods  in  preparing  papers  for 
presentation  and  publication,  in  order  to  keep  well  within  the  budget 
for  printing  expenses.  Furthermore  the  War  Industries  Board  has 
ordered  the  amount  of  paper  used  in  the  Journal  reduced  about 
20  per  cent. 

There  are  two  entirely  distinct  classes  of  papers  published  by 
technical  societies.  The  first  class  is  essentially  news;  it  describes 
work  planned,  or  under  construction,  or  done.  The  second  class  is 
scientific;  it  describes  investigations,  analyzes  the  reasons  for  success 
or  failure  of  methods  of  design  or  construction,  reviews  the  state  of 
some  particular  art  or  practice,  or  discusses  those  principles  of 
economics  which  underlie  sound  business  administration. 

News  articles  must  be  brief.  Fifteen  years  ago,  it  was  the  practice, 
even  in  trade  papers,  to  embalm  the  kernel  of-  news  in  a  husk  of 
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everyday  knowledge,  so  that  we  were  forced  to  waste  our  time 
needlesdy  in  acquiring  new  information.  James  H.  McGraw  saw 
the  mistake  of  this  custom,  and  was  the  first  leader  among  American 
publishers  of  trade  papers,  to  insist  that  the  news  should  be  printed 
without  the  platitudes.  Every  reader  of  a  trade  paper  owes  him 
thanks  for  saving  their  time  by  starting  this  reform.  We  can  waste 
money  and  yet  earn  more,  but  we  cannot  get  back  the  time  we  waste, 
and  we  are  wasting  our  most  precious  asset  in  padding  news  articles, 
in  addition  to  wasting  the  time  of  the  readers  of  them  who  have  to 
read  the  superfluous  paragraphs. 

There  is  another  feature  of  this  subject  that  every  man  holding  a 
technical  or  administrative  place  should  keep  in  mind.  Much  of 
the  best  news,  particularly  in  the  water-works  field,  can  be  written 
on  two  or  three  sheets  of  paper.  This  is  easUy  done;  it  results  in 
something  others  in  the  same  field  desire;  why  not  do  it  now  and  let 
the  members  of  our  Association  share  this  interesting  information, 
instead  of  putting  it  off  until  there  is  an  opportimity  to  wrap  the 
news  in  the  old-fashioned  husks?  Why  not  openly  confess  that 
while  examining  the  journals  of  many  technical  societies  we  long 
for  some  sort  of  literary  gas  mask? 

The  second  class  of  articles,  that  dealing  with  scientific  subjects, 
is  a  large  one  and  has  so  many  aspects  that  only  the  most  general 
suggestions  regarding  it  can  be  made  here.  Obviously  the  best 
method  of  presenting  the  results  of  special  research  is  different 
from  the  best  method  of  reviewing  the  state  of  an  art,  yet  there 
are  certain  principles  that  govern  the  editorial  staffs  of  our  best 
trade  papers  which  should  govern  everybody  who  writes  on  a 
technical  subject.    These  are : 

1.  Have  a  clear  knowledge  of  the  viewpoint  of  the  class  you 
wish  to  read  your  article.  You  are  not  trying  to  get  information 
out  of  your  head;  you  are  trying  to  get  it  into  their  heads;  hence 
use  the  best  way  into  them. 

2.  Don't  give  an  mmecessary  fact  or  make  an  imnecessary  ex- 
planation of  minor  details.  Assume  that  the  reader  possesses  as 
much  knowledge  as  you  have,  except  of  the  new  thing,  and  tell 
him  about  that  only. 

3.  Tell  the  story  in  the  clearest  way  by  words,  drawings  or 
pictures,  but  tell  it  only  once.  Don't  give  both  tables  and  curves; 
one  is  enough  for  practically  every  reader  and  let  the  hundredth 
man  write  to  you  for  the  omitted  details  that  all  the  others  do  not 
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wish.  Think  of  the  time  and  printing  charges  this  saves.  Don't 
describe  in  words  what  is  perfectly  clear  in  illustrations;  don't  repeat 
in  words  what  is  given  in  detail  in  tables. 

4.  Don't  give  unnecessary  tables;  assume  that  the  reader  will 
grant  that  you  know  how  to  add  and  subtract,  and  is  interested  only 
in  totals,  as  a  rule.  Prepare  your  tables  so  that  they  will  occupy 
the  smallest  amount  of  printed  space  and  still  be  clear.  Look  at 
tables  in  the  publication  for  which  you  are  writing,  see  how  many 
figures  can  be  put  on  a  line  in  the  column  or  the  page,  and  arrange 
yoiu*  tables  accordingly.  Otherwise  somebody  must  rearrange  them 
for  you,  and  probably  make  mistakes  in  doing  so. 

5.  Send  drawings  that  can  be  photoengraved  and  save  the  Asso- 
ciation the  expense  of  making  drawings  for  the  purpose.  Never  use 
colors  on  drawings  for  photoengraving.  Remember  that  if  a  draw- 
ing must  be  reduced  to  one-third,  say,  of  its  size  to  be  printed  on 
the  page,  each  line  and  letter  on  the  drawing  must  be  three  times 
the  size  it  is  to  be  on  the  engraving.  Use  only  two  sizes  of  lettering 
on  such  a  drawing,  one  for  the  text  and  one  for  the  very  few  titles 
sometimes  necessary.  Don't  give  a  line  or  a  word  not  absolutely 
necessary.  If  the  drawing  has  a  single  detail  that  is  much  finer 
than  all  the  rest,  make  an  outline  of  this  detail  on  the  main  drawing 
and  then,  on  a  larger  scale,  give  the  detail;  this  will  enable  the 
general  drawing  to  be  photo-reduced  to  the  size  it  should  have  in 
the  engraving  and  will  also  give  the  detail  in  legible  form,  a  great 
help  to  the  reader  and  a  saving  of  expense  to  the  Association. 

6.  Remember  the  many  times  you  have  wondered  why  the 
Journal  was  padded  with  so  much  useless  stuff;  don't  pad.  Re- 
member how  many  times  you  wished  for  news  about  some  improve- 
ments or  some  piece  of  work;  send  the  Journal  your  own  news  or 
tell  the  Publication  Committee  what  you  wish.  Remember  that 
nine-tenths  of  good  technical  practice  is  the  result  of  sound  judg- 
ment and  only  one-tenth  depends  upon  demonstrable  facts;  help 
others  with  the  practical  knowledge  upon  which  good  judgment 
rests,  just  as  others  are  helping  you. 

John  M.  Goodell. 

burning  small  sizes  of  anthracite 

Many  years  ago  the  late  Eckley  B.  Coxe,  the  noted  mining  engi- 
neer and  coal  operator,  saw  the  approach  of  much  higher  costs  of  pro  - 
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<luction  in  the  anthracite  fields.  He  also  sa\v 
of  coal  through  failiu*e  to  develop  practical 
the  small  sizes  which  were  then  rarely  used, 
ivorked  over  this  problem  and  finally  developed 
and  grate  for  burning  these  small  sizes,  but  as 
xipe  for  its  use,  it  was  forgotten  by  most  po 
Recently  the  high  price  of  larger  sizes  and  th< 
deliveries  of  them  have  made  the  use  of  small  i 
and  this  old  invention  has  again  come  ini 
Philadelphia  Water  Biu*eau  has  been  one  of 
new  practice,  which  is  of  real  significance  as 
economy.  From  the  best  data  available  the  ' 
sylvania  of  these  small  sizes  of  anthracite,  co] 
No.  3  and  No.  4  buckwheat,  has  doubled  in  th( 
other  words,  about  2,000,000  tons  annually  oi 
-went  to  waste  is  now  being  used  in  power  plan 

The  Philadelphia  Water  Bureau  has  installed 
in  the  past  four  years  under  boilers  aggregati 
8400  horsepower.  A  combined  eflSciency  of  7C 
cent  of  boUer  rating  has  been  obtained  in  all  t( 
-wheat  coal  having  a  heat  value  of  11,000  B.I 
proximately  23  per  cent  of  ash.  Operating  res 
test  conditions  in  a  way  that  demonstrates  the 
stroker  and  the  fact  that  it  can  be  consid 
experimental  stage. 

Conditions  in  the  fuel  market  dictated  the 
atoker  which  could  biu*n  anthracite  screening 
No.  3  buckwheat  averaged  approximately  J 
rather  more  than  $1.00  a  ton  less  than  for  bii 
value  of  13,000  B.t.u.  and  13  per  cent  of  a 
conditions  created  by  the  war  have  more  tha 
of  this  stoker,  entirely  apart  from  the  artificia 
the  present  abnormal  situation. 

Conditions  after  the  war  will  apparently  o 
for  stokers  of  this  type  in  the  contemplated 
in  the  mining  regions,  as  well  as  in  the  use  of 
must  be  largely  developed  in  the  future. 
Island  lignite  has  already  been  successfully 
mental  way.  The  near  future  will  certain 
permanent  changes  in  all  our  boiler  room  p 
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While  freight  charges  will  doubtless  limit  the  areas  beyond  which 
low  grade  fuel  cannot  be  economically  transported,  the  chain  grate 
stoker  of  the  Coxe  type  apparently  opens  one  practical  line  of 
investigation  for  many  water  works  superintendents. 

Carleton  E.  Davis. 

COAL 

There  seems  to  be  a  considerable  misunderstanding  of  what  must 
be  done  by  the  managers  of  water  works  and  other  pubUc  utilities 
to  obtain  coal.  All  public  utiUties  have  been  given  a  definite 
classification  which  gives  them  preference  over  many  other  oon- 
smners  of  fuel.  This  is  a  classification  which  gives  a  preference 
under  war  conditions;  it  does  not  mean  a  preference  which  will 
restore  the  conditions  existing  in  times  of  peace.  Nobody  has  the 
slightest  justification  for  expecting  that  a  preferential  classification 
here  will  remove  all  troubles  any  more  than  our  soldiers  in  Flanders 
and  France  had  any  reason  for  expecting  sleeping  cars  and  limou- 
sines to  transport  them  through  the  enemy's  Unes.  The  coal 
operators  are  crowded  to  the  utmost  and  the  railways  in  many  sec- 
tions are  congested.  Under  such  conditions,  inconvenience  is 
bound  to  arise  and  the  manager  of  the  pubUc  utility  who  gets  along 
best  is  he  who  sees  what  this  inconvenience  will  be  and  provides 
against  it. 

There  have  been  inniunerable  complaints  from  managers  of 
UtiUties  that  coal  was  not  deUvered  when  it  was  desired  but  came 
at  long  intervals  in  large  quantities  which  could  not  be  stored. 
That  condition  is  a  war  time  burden  which  the  manager  must  pro- 
vide against.  In  congested  districts  coal  can  often  be  deUvered 
only  in  large  consignments,  without  interfering  with  essential  war 
time  shipments.  The  wise  manager  wiU  provide  storage  some- 
where for  this  coal;  if  he  does  not,  a  variety  of  harassing  troubles 
are  likely  to  visit  him,  and  he  will  receive  Uttle  sympathy  from 
those  who  know  how  strained  are  the  railroad  faciUties  to  meet  the 
urgent  demands  upon  them.  It  is  impossible  in  many  places  to 
deUver  a  car  or  so  of  coal  at  regular  intervals,  without  interfering 
with  so  many  other  necessary  freight  movements  that  national 
economy  demands  placing  upon  those  heretofore  served  in  this  way 
the  provision  of  increased  storage  faciUties.  This  is  their  share  of 
the  war  burden,  so  far  as  the  coal  situation  is  concerned. 
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There  is  a  mistaken  idea  that  the  place  to  untangle  complications 
over  coal  deliveries  is  Washington.  It  is  a  good  plan  to  keep  away 
from  Washington  in  these  days.  The  Fuel  Administration  is  de- 
centralizing its  work  so  far  as  possible.  A  manager  short  of  coal  and 
unable  to  get  help  from  the  local  fuel  administration  should  deal 
with  his  State  fuel  administrator.  The  latter  is  an  extremely  busy 
man,  working  with  a  hastily  organized  force.  There  are  two  things 
which  should  not  be  demanded  of  him.  One  of  these  is  how  to 
furnish  coal  on  a  day's  notice  in  a  district  where  transportation  is 
congested  and  coal  is  short.  The  other  is  to  have  such  a  complete 
filing  system  and  such  a  well-organized  clerical  force  that  the  coal 
business  of  a  state  can  be  looked  after  with  the  detail  maintained  in 
a  local  dealer's  oflSce. 

In  order  to  have  enough  coal  on  hand  the  manager  of  a  utility 
must  give  the  State  Fuel  Administrator  ample  notice  of  his  needs, 
he  should  give  full  data  in  each  letter  so  that  previous  correspond- 
ence must  not  be  looked  up  in  the  oflSce  of  the  administrator,  he 
should  show  how  much  he  burned  last  year  and  the  reason  for 
asking  an  additional  amoimt  this  season,  and  he  should  use  every 
endeavor  to  take  coal  when  he  can  get  it  and  not  when  he  wants  it. 
He  must  put  up  with  many  inconveniences  but  they  are  nothing  to 
the  daily  troubles  of  the  fuel  administrators  who  are  trying  to  help 
him. 

John  M.  Goodell. 
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DE-HYDRATED  CONTRACTS^ 
By  Albert  P.  Greensfeldeb 

Contracts  are  not  engineering  products  but  merely  recipes  for 
moral  behavior.  Water  works  were  probably  built  by  the  ancients 
without  such  entangling  alliances.  Even  today  water  free  from 
impurities  is  possible  without  the  introduction  of  paper  documents. 
Why  then  are  there  such  impedimenta  as  contracts? 

Civilized  anatomies  demand  water  of  quaUty  and  civilizing  in- 
dustries require  water  in  quantity.  Contracts,  per  se,  affect  neither 
of  these,  any  more  than  do  meters  and  pumping  records.  There 
is  probably  nobody  here  who,  when  stating  his  experience  before  his 
prospective  employer  or  examining  board,  was  ever  asked  if  he 
could  write  a  contract.  If  such  a  test  were  a  requirement  of  water 
works  officials  the  speaker  would  greatly  fear  for  the  constant 
supply  at  our  faucets.  Thus  all  wUl  probably  agree  that  contracts 
are  de-hydrated. 

If  any  one  present,  irrespective  of  practical  construction  ex- 
perience, were  asked  to  adjourn  to  an  adjacent  room  and,  without 
books  or  other  references,  prepare  an  equitable  form  of  contract  in 
five  or  even  fifty  hoiu^,  it  is  probable  the  results  would  be  neither 
equitable,  legal,  nor  binding.  The  task  is  difficult  because  it  is  based 
on  precedent  and  comparative  experience,  but  it  is  not  impossible, 
as  has  been  amply  proved  in  other  fields  of  endeavor. 

The  true  purpose  of  a  contract  is  to  express  so  clearly  the  intent 
of  those  making  it  that  a  meeting  of  the  minds  of  the  two  parties 
thereto  is  absolute.  In  these  days  of  conservation  of  man  power 
and  wealth  the  necessity  for  proper  contract  forms  is  more  essential 
than  ever  before.  We  must  not,  dare  not,  waste  effort  in  these 
strenuous  times.  The  American  Society  of  Engineering  Con- 
tractors therefore  deems  it  both  a  prerogative  and  a  duty  to  call 
upon  its  allies  to  function  properly  and  promptly  in  this  regard, 

*  Abstract  of  an  address  by  the  president  of  the  American  Society  of 
Engineering  Contractors  before  the  St.  Louis  Convention  May  15.  At  the 
close  of  the  address  the  Association  voted  in  favor  of  the  appointment  of  a 
committee  on  a  standard  form  of  contract  and  bond. 
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This  subject  is  no  new  field  of  endeavor  for  an  organization  such 
as  the  American  Water  Works  Association,  for  a  number  of  tech- 
nical organizations  have  prepared  similar  documents  in  recent  years. 
The  American  Institute  of  Architects  in  conjunction  with  the 
National  Association  of  Builders'  Exchanges  and  others  has  com- 
piled splendid  forms  which  have  now  reached  their  third  edition  and 
are  imiversally  used  by  members  of  their  profession  on  building 
work.  The  American  Railway  Engineering  Association,  through  a 
standard  committee,  has  prepared  an  excellent  ready-to-use  form 
for  its  members.  The  latter  society  has  achieved  an  enviable 
position  in  this  country,  for  many  courts  recognize  its  annual 
''Manual"  and  permit  its  introduction  as  evidence  in  establishing 
maintenance-of-way  standards. 

The  publications  of  these  two  societies  are  standards  in  their 
respective  branches,  not  mythologies  but  standards  in  the  sense 
that  they  are  the  products  of  their  ablest  members  working  together 
for  the  best  results;  yet  subject  to  occasional  revision  and  better- 
ment as  experience  in  their  use  shows  this  to  be  desirable. 

Is  the  public  to  be  blamed  for  becoming  impatient  at  excessive 
costs,  running  unquestionably  into  hundreds  of  thousands  of  dollars 
annually,  due  to  questionable  terminology?  Are  contractors 
wholly  to  blame  for  being  suspicious  of  motives  for  the  insertion  of 
special  clauses  and  one-sided  paragraphs?  Are  not  bonding  com- 
panies raising  rates  on  account  of  imnecessary  penalty  clauses  and 
long-time  guarantees?  The  banks  charge  more  interest  on  re- 
tained percentages  than  city  treasurers  get;  and  payments  for 
special  materials  delivered  long  before  incorporation  in  the  work 
will  make  liens  infrequent  and  prevent  delays.  Flexible  methods 
of  payment  have  been  known  to  dispel  disagreeable  receiverships 
and  arbitration  clauses  are  merely  expressions  of  human  justice  to 
eliminate  interminable  coiui;  proceedings. 

The  speaker  is  not  here  to  propose  any  favorite  terms,  to  nurse 
pet  hobbies  for  inclusion  in  any  special  contract  forms  or  to  pro- 
pound any  exclusive  theorems  for  elucidation.  He  desires  merely 
to  have  water  works  officials  feel  that  contractors  are  just  as  keenly 
alive  to  their  obligations  and  responsibilities  as  he  knows  the  officials 
are  to  theirs.  Contractors  have  not  been  beyond  reproach,  and 
occasionally  even  worse,  but  they  realize  fully  that  through  the 
influence  of  their  members  collected  into  a  society  their  tendencies 
are  for  improvement  and  they  have  a  sincere  desire  to  cooperate. 
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The  American  Society  of  Ekigineering  Contractors  upholds  strict 
measures  which  make  for  quality  of  construction,  it  invites  the 
proper  placing  of  responsibility,  and  it  lu-ges  encouragement  and 
recognition  of  good  construction  service.  It  admits  that  con- 
tractors are  human  beings  with  human  ambitions,  but  it  believes 
reliability  is  more  worthy  than  cupidity.  Contractors  remain  in 
their  calling  because  they  enjoy  its  rewards,  labors  and  sorrows 
better  than  those  of  other  fields  of  endeavor  and  because  they  hope 
their  work  is  a  genuine  service  to  mankind. 
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LEAD  PIPE  COUPLINGS^ 
By  J.  A.  Jensen 

The  object  of  this  paper  is  to  discuss  the  joints  commonly  used 
in  service  pipe  connections  and  the  development  that  has  taken 
place  from  time  to  time  under  the  guiding  light  of  experience,  for 
the  purpose  of  improvement  and  prolonging  the  life  of  the  service 
and  its  various  appurtenances. 

A  service  pipe,  as  discussed  here,  consists  of  a  corporation  cock 
at  the  water  main,  a  run  of  lead  pipe  to  the  ciu*b  or  walk,  where 
a  stop  cock  is  placed  and  covered  with  a  box  extending  to  the  surface 
of  the  ground,  and  galvanized  iron  pipe  continued  to  the  premises. 
Lead  pipe  is  selected  because  of  its  durability  and  necessary  physical 
properties  for  conditions  generally  met  with  in  most  localities. 
Galvanized  iron  pipe  is  suitable  for  the  remaining  portion  of  the 
run  from  the  stop  cock  to  the  building.  The  cocks  are  made  of 
bronze  or  non-corrodible  metal  for  the  purpose  of  resisting  de- 
terioration and,  as  a  consequence,  to  permit  ease  of  operation. 

The  principal  object  in  the  selection  of  materials  and  fittings  is  to 
make  up  a  suitable  and  durable  structure  that  will  insure  the  owner 
minimum  repairs  and  troubles  from  leakage.  Aside  from  corrosion 
of  materials,  consideration  should  be  given  to  the  various  kinds  of 
joints  used  for  connecting  the  several  parts  of  the  service  pipe.   - 

The  use  of  lead  pipe  probably  originated  the  so-called  "wiped 
joint"  or  soldered  connection  to  the  cocks.  There  were  originally 
in  use  the  fixed  soldering  nipples.  These  later  gave  way,  for  obvious 
reasons,  to  the  separate  nipples  and  tail  pieces,  with  their  necessary 
couplings,  all  of  which  are  now  commonly  used.  For  the  iron  pipe, 
the  common  threaded  fittings  are  convenient  and  apparently  suitable 
for  all  piuposes. 

Any  improvement  in  the  various  parts  of  a  service  pipe  is  naturally 
based  upon  the  troubles  arising  from  leakage.  The  leak  is  the 
alarm  that  calls  attention  to  the  condition  of  the  service.  These 
leaks  require  considerable  attention  by  water  departments  to  locate 

*  Read  before  the  St.  Louis  Convention,  May  16,  1918. 
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the  trouble;  to  serve  notice  upon  the  owner  and  to  see  that  prompt 
repairs  are  made. 

For  some  time  the  City  of  Minneapolis  has  given  consideration 
to  the  matter  of  service  leaks  that  occur  between  the  water  main 
and  the  meter.  During  1917,  there  were  642  cases  of  such  trouble 
which  were  repaired  by  licensed  pliunbers  under  the  supervision  of 
the  water  department.  These  leaks  not  only  give  trouble  and 
expense  to  the  owner,  but  also  cause  a  considerable  loss  of  water  to 
the  municipality.  This  loss  has  been  variously  estimated  at  from 
15,000,000  to  20,000,000  gallons  per  year.  These  services  are 
owned  by  the  consumers  but  the  city  supervises  their  maintenance 
to  prevent  loss  of  water. 

The  number  of  leaks  referred  to  is  an  increase  of  19  per  cent  over 
the  previous  year.  With  an  increasing  niunber  of  services  ap- 
proaching the  age  of  trouble  and  replacement,  further  increase  in 
the  niunber  of  leaks  must  be  expected. 

There  are  no  practicable  means  for  the  reduction  of  leaks  occurring 
in  existing  services,  but  in  order  to  prolong  the  life  and  lessen  troubles 
on  services  that  will  be  installed  in  the  future,  a  study  was  made  to 
discover  the  precise  natiure  of  existing  troubles  so  that  the  proper 
remedy  could  be  applied. 

At  present  the  service  connections  are  made  up  of  a  corporation 
cock  at  the  main,  tail  piece  with  wiped  joint  to  lead  pipe  leading 
to  the  stop  cock  at  the  curb  where  it  is  again  wiped  to  a  soldering 
nipple.  From  this  point  to  the  meter,  galvanized  iron  pipe  is  used. 
All  of  the  wiped  joints  are  made  by  licensed  pliunbers  who  install 
all  services  under  city  inspection. 

A  classification  of  service  leaks  was  made  and  some  interesting 
data  have  been  obtained  which  indicate  clearly  the  various  kinds 
of  trouble  encountered.    The  classification  was  as  follows: 

1.  Defective  curb  cock 6  1.0  per  cent. 

2.  Iron  pipe,  corroded 302  47.0  per  cent. 

3.  Lead  pipe,  corroded  or  burst 96  15.0  per  cent. 

4.  Wiped  lead  joints 238  37.0  per  cent. 


Total 642       100.0  per  cent. 

In  considering  only  the  serious  leaks  in  this  table,  those  that 
occur  in  iron  pipe  might  be  set  aside,  since  such  pipes  are  accessible 
for  repairs  without  distiirbing  walks  or  pavements  to  any  serious 
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extent.  The  portion  of  the  service  that  should  be  most  secure  and 
durable  is  the  lead  pipe  and  its  connections  which  are  located  under 
the  roadway  and  in  the  majority  of  cases  under  pavements. 

The  street  leaks  may  then  be  separated  and  reclassified  as 
follows: 

1.  Defective  curb  cock 6  2.0  per  cent. 

2.  Lead  pipe,  corroded  or  burst 96         28.0  per  cent. 

3.  Wiped  lead  joints 238         70.0  per  cent. 

Total 340       100.0  per  cent. 

An  examination  of  these  street  leaks  shows  the  following  facts  to 
be  apparent: 

1.  The  ciu-b  cocks  eniunerated  were  found  to  be  defective. 
They  were  all  old-style  cocks  which  have  since  been  replaced  by  an 
improved  t3rpe  by  the  use  of  which  a  minimum  amount  of  trouble 
will  be  experienced  in  the  futiu^. 

2.  The  table  shows  28  per  cent  of  street  leaks  to  be  in  the  lead 
pipe  itself.  About  one-sixth  of  these  were  due  to  bursts  by 
swelling  of  the  pipe  from  repeated  water  hanmier  caused  by  de- 
fective faucets.  Inspection  of  these  showed  all  such  pipe  to  be  of 
lighter  weight  than  that  used  at  presentf;  One-fourth  of  the  lead 
pipe  troubles  were  found  under  car  tracks  and  the  pitting  and 
corrosion  clearly  indicate  electrolysis.  The  remaining  leaks  were 
due  to  other  causes,  though  many  of  them  also  appear  to  be  from 
the  effects  of  electrolytic  action.  Since  heavy  lead  pipe  is  now  used 
and  means  are  employed  to  eliminate  electrolysis,  these  troubles  are 
already  reduced  to  a  minimum,  so  far  as  the  future  is  concerned, 
and  justification  found  for  the  continued  use  of  lead  pipe. 

3.  The  wiped  joint  leaks  make  up  70  per  cent  of  the  street  leaks 
and  troubles.  Tliese  leaks  are  due  chiefly  to  inferior  workmanship. 
In  most  cases  there  has  been  failure  to  secure  proper  bonding  in  the 
joint.  A  number  were  "lop-sided;"  others  barely  covered  the  end 
of  the  tail  piece  and  in  several  cases  the  solder  had  run  inside  and 
partially  closed  the  water  opening.  One  joint  had  an  opening  left 
no  larger  than  a  pencil  and  after  a  remarkable  record  of  patience 
covering  a  period  of  24  years,  the  owner  had  the  service  dug  up  and 
the  trouble  was  discovered  and  corrected.  Many  of  these  joints 
stood  up  for  many  years  before  giving  way. 

Several  years  ago  lead  pipe  was  used  extensively  in  all  plumbing 
work,  but  at  the  present  day  it  has  been  replaced  almost  entirely 
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by  improved  plumbing  appliances  and  fittings  made  of  other 
materials  than  lead,  so  that  the  art  of  wiping  lead  joints  has  passed 
into  the  hands  of  pipe  fitters  rather  than  the  plumbers  of  former 
days.  In  many  shops  the  wiped  joints  on  service  pipes  form  the 
only  work  of  this  nature  that  is  encountered,  and  it  must  be  under- 
taken as  a  special  task.  The  work  is  attempted  by  unqualified  and 
incompetent  persons  not  familiar  with  nor  skilled  in  the  art.  The 
result  is  that  present-day  wiped  joints,  under  these  conditions,  do 
not  measure  up  to  the  standard  of  former  times,  and  more  trouble 
may  be  expected  in  the  future  than  in  the  past  if  such  joints  continue 
to  be  installed. 

It  appears  from  a  consideration  of  this  matter  that  these  facts 
have  been  recognized  in  various  cities.  Efforts  to  secure  protection 
against  inferior  joints  have  resulted  in  the  development  of  a 
connection  that  is  superior  to  the  wiped  joint. 

This  joint  is  a  mechanical  connection  in  the  form  of  a  coupling 
in  which  the  lead  pipe  is  shaped  to  form  its  own  gasket.  The  lead 
flange  should  undergo  slight  reaming  to  make  true  parallel  surfaces 
for  close  contact.  The  coupUngs  should  have  plane  faces,  at  least 
in  part,  to  insure  a  good  joint  and  must  not  be  permitted  to  cut  the 
lead  flange.  The  coupUng  should  have  a  sleeve  to  cover  a  short 
portion  of  the  lead  pipe  close  up  to  the  flange  to  prevent  any  move- 
ment or  deformation  of  the  lead  at  the  joint.  The  shaping  of  the 
lead  flange  may  be  conical  or  at  right  angles  to  the  axis  of  the  pipe. 

There  are  several  types  of  this  joint  on  the  market,  all  having 
desirable  features  of  design,  but  the  principle  is  similar  in  all  cases. 
The  coupling  is  made  a  part  of  the  corporation  or  curb  cock  and  is 
of  composition  metal.  The  joint  develops  the  full  strength  of  the 
lead  pipe  and  is  equally  as  strong  as  the  best  wiped  joint  and 
superior  to  it  in  results  because  it  can  eliminate  defective  work- 
manship. 

Tests  made  in  the  presence  of  waterworks  men  have  demon- 
strated conclusively  that  rupturing  stresses  applied  as  internal 
pressures  and  tension  on  lead  pipe  secured  at  both  ends  by  flanged 
curb  cocks,  have  failed  to  break  the  joint  or  injure  the  coupling. 
In  all  cases  the  lead  pipe  burst  or  parted. 

The  initial  cost  of  the  material  for  this  joint  is  sUghtly  greater 
than  for  the  wiped  joint,  but  when  the  necessary  labor  is  added, 
this  cost  is  more  than  offset.  The  cost  to  the  property  owner  ought 
at  least  to  be  practically  the  same.    An  intelligent  man  can  make  a 
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flange  coupling  joint  with  simple  tools  and  a  pair  of  wrenches  in  a 
very  short  time,  and  on  the  gromid  where  required.  The  need  of 
a  plumber  with  a  blow-pot  and  other  appliances  is  eliminated. 

The  comparative  cost  of  the  wiped  joints  and  flange  couplings 
in  an  ordinary  service,  at  recent  prices  and  labor  costs,  is  as  follows: 

i-inch  wiped  joint  corporation  cock $1.05 

}  inch  wiped  joint  curb  cock 2. 40 

2  pounds  solder,  two  wiped  joints 80 

Plumber's  time,  1  hour 90 

Total  cost  wiped  joints $5. 15 

|-inch  flange  coupling  corporation  cock $1 .  30 

J-inch  flange  coupling  curb  cock 3. 15 

Time  making  joints,  1  hour. 40 

•  Total  cost  flange  joints 4. 85 

This  shows  a  balance  of  $0.30  on  each  service  in  favor  of  the 
flanged  joints  which  can  be  considered  as  a  margin  for  fluctuation 
in  cost  of  materials  and  labor. 

In'  considering  the  data  given,  the  use  of  lead  flange  joints 
promises  longer  life  to  service  connections  as  a  whole,  and  a  con- 
sequent reduction  of  leakage  troubles  and  expense  to  both  the  city 
and  property  owner. 

The  street  service  department  of  Minneapolis  has  used  lead  flange 
couplings  of  different  types  for  repair  work  for  several  years  and 
they  have  been  satisfactory  and  successful  in  every  way.  They 
have  not  only  proved  more  convenient  than  the  wiped  joint  for  the 
department,  but  their  use  has  also  resulted  in  the  saving  of  time 
and  money  in  every  case. 
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OFFICE  RECORDS  OF  THE  ST.  LOUIS  WATER  DIVISION, 
DISTRIBUTION  SECTION^ 

By  Thomas  E.  Flaherty 

This  paper  will  give  a  brief  description  of  the  organization  for 
the  planning,  direction,  and  execution  of  the  work  of  the  distri- 
bution section  of  the  St.  Louis  water  department^  and  a  somewhat 
fuller  description  of  the  recording  of  the  work  by  clerks  and  drafts- 
men and  of  the  methods  of  making  corrections  and  additions  and  of 
suppl3ring  missing  ioformation. 

The  personnel  of  the  force  comprises  an  engineer-in-charge, 
assistant  engineers,  superintendents  of  construction,  labor,  stables 
and  vehicles,  meters,  inspection;  a  chief  draftsman,  chief  clerk,  and 
the  draftsmen,  clerks,  stenographers  and  helpers  working  under 
these  men. 

For  distribution  purposes,  the  city  is  divided  into  six  districts, 
each  having  a  station  building,  with  a  station  foreman  in  chaige. 
The  most  central  of  these  stations  is  used  as  the  construction  super- 
intendent's headquarters,  and  is  known  as  the  "main  distribution 
oflSce,"  from  which  all  orders  emanate,  and  to  which  all  reports  are 
sent.  Another  station,  known  as  the  "pipe  yards,"  is  used  as  a 
supply  depot  and  meter  testing  station.  E^ch  district  is  divided 
into  sections,  in  charge  of  section  men  reporting  to  the  station 
foreman. 

All  material  is  tested  before  being  used;  the  pipe,  valves,  hydrants, 
special  castings,  and  fittings  are  tested  at  the  place  of  manufacture, 
and  all  other  material  at  the  City  Testing  Laboratory.  The  test 
records  are  kept  at  the  main  oflSce  in  the  City  Hall.  Pipe  for  con- 
tract work  is  delivered  by  railroad  to  depots  in  dififerent  parts  of 
the  city,  convenient  to  the  work.  All  other  material  is  stored  at 
the  pipe  yards  and  delivered  as  needed.  Records  are  kept  at  the 
pipe  yards  showing  in  detail  the  exact  stock  on  hand  at  all  times. 

On  receipt  of  petitions  for  water  mains  from  proprtye  holders  on 
certain  streets,  or  upon  notice  from  the  Street  Division  that  certain 

iRead  before  the  St.  Louis  Convention,  May  16,  1918. 
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streets  (without  water  mains)  are  to  be  paved,  or  when  new  mains 
appear  to  be  needed  for  distribution  purposes,  record  cards  are 
made  out,  showing  the  names  and  extent  of  the  streets.  An  in- 
spector then  ascertains  the  number  and  story-heights  of  all  houses 
on  the  street,  and  the  kind  of  pavement,  if  paved.  An  engineer  then 
determines  the  size  and  length  of  pipe,  number  of  fire  hydrants, 
valves  and  special  castings  needed;  estimates  the  cost  of  material 
and  labor  and  total  cost,  and  tabulates  these  items  on  the  card. 
The  engineer-in-charge  will  then  place  on  the  card  a  check  mark  in 
such  a  way  as  to  show  at  a  glance  whether  the  work  is  recommended 
or  not  recommended.  In  a  somewhat  similar  way  various  requests 
for  additional  fire  or  sprinkling  hydrants,  private  connections,  fire 
Unes,  etc.,  are  received,  considered,  and  either  recommended  or  not 
recommended.    These  records  are  then  filed  for  future  reference. 

All  contract  work  recommended  must  be  approved  by  the  Board 
of  PubUc  Service  and  contracts  awarded  for  the  work.  A  record  is 
kept,  year  by  year,  of  all  bids  received,  and  the  supply  clerk  keeps 
a  card  index  of  the  current  prices  of  all  material  used  by  the  Water 
Division.  On  pipe  lines,  lowerings,  etc.,  the  engineers  make  plans 
and  profiles  of  the  work,  stake  out  the  line  and  enter  their  notes  in 
the  customary  engineer's  field  book.  The  plan  and  profiles  and  a 
copy  of  the  engineer's  notes  are  then  given  to  the  contractor,  or  in 
case  of  work  to  be  done  by  the  Distribution  Section,  to  the  Super- 
intendent of  Construction,  with  instructions  to  lay  the  pipe,  cast- 
ings, etc.  On  small  jobs  simple  instructions  are  issued  to  do  the 
work,  accompanied  when  necessary  by  sketches  and  memoranda 
giving  all  necessary  data.  On  the  larger  jobs  regular  pipelaying 
inspectors  are  assigned.  On  the  smaller  jobs,  the  station  foremen 
act  as  inspectors.  Longer  jobs  (not  contracts),  pipe  la3ring,  and 
pipe  lowering  are  done  by  pipe-laying  foremen  in  charge  of  what 
are  known  as  "floating  gangs."  These  men  work  in  all  sections  of 
the  city,  reporting  to  the  Superintendent  of  Construction  at  the 
main  office. 

The  pipe-laying  inspectors  keep  a  daily  record  of  labor  and 
material  used,  and  obtain  and  record  measured  locations  of  all 
pipe,  hydrants,  valves  and  special  castings,  etc.  This  record  is 
known  as  the  "inspector's  notes."  On  the  smaller  jobs  and  routine 
work  the  section  men  fill  out  a  "daily  report  sheet,"  ruled  in  three 
colimms,  viz:  "Name,"  "Time,"  "Work  done  and  material  used." 
The  station  foremen  obtain  and  record  the  measured  locations, 
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which,  with  the  "daily  report,"  are  collected  by  the  Superintendent 
of  Ck)nstruction  and  bwKight  to  the  main  distribution  oflBce.  Here, 
under  the  direction  of  the  Chief  Clerk,  a  stenographer  types  these 
memoranda  into  sheets  known  as  distribution  notes,  if  the  work  is 
done  for  the  city,  and  "private  connection  notes,"  if  done  for  private 
parties. 

At  the  end  of  each  month  the  chief  clerk  forwards  to  the  chief 
draftsman  a  "recapitulation  sheet"  of  all  "distribution  notes"  and 
"private  connection  notes"  sent  down  from  the  main  oflSce.  This 
Ust  is  checked  against  the  chief  draftsman's  "posting  record,"  and 
must  agree  with  it,  so  that  no  notes  can  be  lost  in  transit  between 
oflSces.  The  engineer's  notes,  profQes,  distribution  notes,  and 
private  connection  notes  are  now  turned  over  to  the  chief  drafts- 
man, who  numbers  the  notes  serially,  and  enters  them  in  a  "posting 
book,"  and  is  then  responsible  for  the  correct  platting  and  recording 
of  the  work  done  on  all  the  drafting  room  records,  and  of  indexing 
and  filing  these  records,  so  that  they  will  be  instantly  available 
when  needed. 

The  regular  drawings  of  hydrants,  special  castings,  valves,  tools, 
buildings,  etc.,  are  £Qed  in  a  vertical  steel  plan  file,  and  indexed  in 
the  usual  way.  Profiles  and  foreign  drawings  are  rolled  up  and 
filed  serially  in  numbered  tubes  in  metal  pigeon-hole  cases,  and 
card-indexed  according  to  subject  matter. 

The  draftsmen  may  then  post  the  maps  and  other  records  in  the 
following  order: 

First  Posting. — This  is  done  on  the  distribution  map.  This  is  a 
map  of  the  entire  city,  on  a  scale  of  1320  feet  to  the  inch,  on  which 
high-pressure  mains  are  shown  in  blue  and  low-pressure  mains  in 
red.  The  size  of  the  pipe  is  accurately  indicated  by  the  thick- 
ness of  the  line;  \  inch  indicates  48-inch  pipe,  \  inch  36-inch  pipe, 
i  inch  30-inch  pipe,  t*^  inch  20-inch  pipe,  -^  inch  15-inch  pipe,  ^ 
inch  12-inch  pipe,  tV  ii^ch  10-inch  pipe,  ^  inch  8-inch  pipe,  a  single 
thin  line  6-inch  pipe,  and  a  single  thin  dotted  line  3-inch  or  4-inch 
pipe.  No  hydrants,  valves,  or  special  castings,  except  the  sepa- 
rating valves  between  high  and  low  pressure,  are  shown  on  this 
map.  On  all  other  records  the  size  of  the  pipe  and  natm^  of  the 
special  castings,  etc.,  are  shown  by  the  conventional  signs  or  symbols. 
Thus  three  lines  close  together,  two  of  them  dotted,  enclosing  a 
central  full  line,  indicate  48-inch  pipe;  two  fuU  lines  enclosing  a 
central  dotted  line,  36-inch  pipe  ;three  fuU  lines  30-inch  pipe;  one 
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full  line  and  one  dotted  line,  20-incli  pipe;  two  fuU  lines,  15-inch 
pipe;  two  dashed  lines,  12-inch  pipe;  single  dashed  line,  10-inch 
pipe;  single  dot  and  dash  line,  8-inch  pipe;  single  full  line,  6-inch 
pipe;  single  dotted  line,  3-inch  or  4-inch  pipe,  the  size  being  written 
on  the  line  if  necessary.  Conventional  signs  are  used  for  different 
types  of  valves,  hydrants,  and  other  accessories. 

Second  posting;  section  maps.  These  maps  are  on  a  scale  of  200 
feet  to  one  inch,  only  nineteen  being  required  for  the  entire  dty. 
About  125  city  blocks  appear  on  each  section  map.  Cloth  blue  prints 
of  these  maps,  moimted  on  map  rollers,  are  kept  at  the  various 
stations.  These  maps  are  invaluable,  especially  to  the  "night  station 
foreman."  The  numbered  separation  valves  are  shown  on  these 
maps  as  well  as  all  other  valves,  special  castings,  hydrants,  etc. 
If  a  water  main  of  any  size  should  burst  or  a  joyrider  break  off  a 
hydrant  and  a  flood  threaten  any  locaUty,  the  foreman  refers  to 
the  map  of  the  scene  of  the  accident  and  orders  his  gang  to  close 
the  proper  valves  until  repairs  are  made. 

Third  posting;  loose-leaf  plat  book.  These  plats  are  on  a  scale  of 
100  feet  to  the  inch,  278  of  them  being  required  for  the  entire  city. 
About  thirty  city  blocks  are  shown  on  each  plat.  On  these  plats  a 
given  city  area  occupies  four  times  the  space  it  occupies  on  the  sec- 
tion map,  and  of  course  shows  the  pipe,  hydrants,  valves  and  other 
specials  far  more  clearly  and  distinctly.  These  plats  are  consulted 
on  all  occasions  where  exact  measured  distances,  pressures,  grades, 
etc.,  are  not  required. 

Fourth  posting;  street  intersection  cards.  These  are  on  a  scale  of 
50  feet  to  the  inch,  over  6000  being  required  for  the  entire  city. 
These  cards,  when  completed,  show  on  one-half  of  the  card,  the 
building  and  curb  lines  of  all  street  intersections,  and  measured 
locations  of  all  water  mains,  valves,  hydrants,  etc.,  within  a  radius 
of  one-half  the  distance  from  the  given  street  intersection  to  the 
next  nearest  street  intersection  along  any  street.  On  the  other 
half  of  the  card  are  listed  references  pertaining  to  the  water  main,, 
i.  e.,  the  engineer's  book  and  page,  inspector's  book  and  page,  pro- 
file number,  date  of  laying,  pressure  in  pipes,  and  grade  of  street 
intersection  at  center  Unes  of  street.  On  the  back  of  the  card 
appears  the  name  of  the  street,  imder  which  the  card  is  classified 
and  alphabetically  filed,  and  on  the  front  the  name  of  the  intersecting 
street.  A  serial  number  on  the  back  indicates  the  place  of  the 
particular  card  in  the  "run"  under  which  it  is  indexed.    A  trans- 
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parent  envelope  protects  the  card  from  soiling  or  blurring.  These 
cards  are  in  daily  use,  answering  the  thousand  and  one  queries 
received  from  the  public  or  from  other  city  departments,  where 
exact  and  specific  information  is  required. 

Fifth  posting;  separation  cards.  These  are  made  for  all  inter- 
sections at  the  boimdaries  of  high  and  low  districts,  and  differ  from 
the  street  intersection  cards  only  in  that  the  high  pressure  mains 
are  shown  in  blue,  and  low  pressure  mains  are  shown  in  red,  and  the 
numbered  separation  valves  are  shown. 

Sixth  posting;  sprinkling  hydrants.  A  very  complete  and  accurate 
list  of  sprinkling  hydrants  is  kept.  This  list  shows  the  niunber  of 
''Sprinkling  Districts,"  42  in  number,  in  the  city,  showing  the 
number  and  location  of  the  hydrants  in  each  district,  the  total 
number  which  on  January  1st,  1918  was  1894  hydrants. 

All  additions  or  removals  during  the  previous  year,  and  deduc- 
tions to  be  made  on  accoimt  of  oUed  streets,  and  the  amoimt  due 
by  sprinkling  contractors  for  the  use  of  the  hydrants,  are  also 
accurately  shown.  In  addition  to  this  list,  all  hydrants  are  shown 
on  a  complete  city  map,  scale  1320  feet  to  the  inch,  divided  into 
sprinkling  districts.  Each  hydrant  is  numbered,  the  number  ap- 
pearing on  the  map  adjacent  to  the  hydrant.  Enlarged  maps  of 
each  section  on  scales  vaiying  from  200  to  600  feet  to  the  inch,  are 
also  kept  so  that  the  distances  between  hydrants  can  be  scaled  at 
any  time. 

Seventh  posting;  drinking  fountains.  All  fountains  are  shown  on 
a  complete  city  map,  scale  1320  feet  to  the  inch.  The  character 
of  the  fountains  is  designated  by  conventional  symbols  for  the 
various  foimtains  installed  by  the  city,  by  himiane  societies,  saloons, 
etc.,  these  foimtains  being  for  horses  and  in  some  instances  for  dogs 
or  other  small  animals.  Special  symbols  also  indicate  special  or- 
dinance fountains,  metered  fountains,  or  the  new  type  known  as 
''bubbling"  fountains,  from  which  citizens  may  drink  when  thirsty 
without  danger  of  contamination.  A  niunerical  "District  Book" 
of  fountains  and  an  alphabetical  card  index  giving  exact  location, 
ownership,  date  of  installation,  memoranda  relative  to  the  main- 
tenance and  care  and  condition  of  the  fountains,  date  of  withdrawal, 
etc.,  are  also  kept.    ' 

Eighth  posting;  pressure  records.  Pressure  gauges  are  maintained 
at  six  carefully  selected  points  in  the  city,  and  the  charts  from  than 
are  collected  and  filed  daily,  thus  keeping,  as  it  were,  a  finger  on  the 
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"Water  Pulse"  of  the  city.  In  addition,  numerous  special  gauge- 
readings  have  been  taken  at  a  number  of  well  chosen  points,  at 
various  grades,  and  platted  on  a  city  map,  scale  2000  feet  to  the 
inch.  By  making  allowance  for  differences  in  grades,  we  have 
computed  reliable  maximum,  minimum,  and  average  pressures,  for 
practically  the  entire  city.  These  pressures  are  recorded  on  the 
"Street  Intersection  Cards." 

Ninth  posting;  pitometer  records.  A  large  number  of  pitometer 
readings  have  been  taken  at  points  selected  with  a  view  toward 
determining  the  direction  and  volume  of  the  flow,  by  night  or  day, 
from  the  pump  mains  into  the  feed  mains,  and  liience  into  the 
distribution  mains  to  the  consumer.  These  readings  are  recorded 
on  a  complete  city  map,  scale  800  feet  to  the  inch.  On  this  map 
are  drawn  three  sets  of  concentric  circles,  at  one-mile  intervals, 
covering  the  entire  city.  The  center  of  one  set  of  these  circles  is 
at  the  Baden  High  Pressure  Pumping  Station,  one  at  the  Bissell's 
Point  Low  Pressure  Pumping  Station,  and  one  at  the  C!ompton  Hill 
Reservoir. 

These  are  the  principal  records  to  be  posted;  and  as  each  record 
is  posted,  the  draftsman  marks  on  the  inspector's  or  distribution 
note  an  abbreviation  of  the  name  of  the  record,  as  "D"  for  dis- 
tribution map;  "SP"  for  sprinkling  map,  etc.  When  the  notations 
on  the  note  show  that  all  records  have  been  posted,  the  chief  drafts- 
man OKs  the  note,  and  it  is  then  pasted  in  a  numbered  "Gummed 
Stub"  book.  As  the  sheets  are  pasted  in,  they  are  paged  serially, 
and  index  cards  made  up  alphabetically,  by  street  names. 

In  all  municipaUties,  inherited  records  are  more  or  less  faulty  and 
incomplete,  owing  in  a  large  measure  to  continual  changes  in  ad- 
ministration, poor  systems  in  the  past,  the  personal  or  human 
equation  of  the  employes,  or  in  some  instances,  as  in  that  of  our 
own  city  of  St.  Louis,  to  a  fire  at  the  City  Hall  some  years  ago, 
which  destroyed  a  number  of  records.  It  is  frequently  found  that 
measured  locations  are  either  altogether  missing,  doubtful,  or 
evidently  incorrect.  To  remedy  this  condition  as  far  as  possible, 
two  methods  were  used  with  great  success  by  the  present  adminis- 
tration, in  the  St.  Louis  Water  Division: 

1.  Copies  of  the  section  maps  previously  referred  to  were  laid 
out  on  a  table  at  the  main  office  of  the  Distribution  System.  The 
section  foremen  were  then  called  in,  one  after  another,  and,  with 
the  chief  draftsman,  went  over  the  maps  carefully  and  minutely. 
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Where  the  section  man  recognized  an  error,  or  was  in  doubt  as  to 
any  point,  notes  were  made  of  the  error  or  doubtful  condition,  and 
the  corrections  made  when  correct  information  was  obtained,  by 
inspectors  delegated  to  this  work.  A  very  large  number  of 
important  corrections  were  made  in  this  manner. 

2.  In  the  drafting  room  a  set  of  cards  known  as  ''Information 
Cards"  (known  among  the  draftsmen  and  engineers  as  "I.  C." 
cards),  are  kept,  and  on  them  are  entered  requests  for  information 
on  any  doubtful  point,  for  corrected  locations,  or  for  missing  loca- 
tions which  develop  in  the  course  of  the  day's  work.  On  each  card 
is  marked  the  number  of  the  section,  from  which  the  information 
desired  is  to  be  obtained;  and  on  the  back  of  the  card  is  marked  the 
name  of  the  street  imder  which  the  card  is  classified.  On  the  face 
of  the  card  is  marked  the  intersecting  street,  very  much  as  in  the 
case  of  the  street  intersection  card.  The  cards  are  then  grouped 
by  sections,  the  streets  being  alphabetically  arranged  in  their  group. 
It  is  then  a  comparatively  easy  matter  to  send  out  inspectors  to 
obtain  the  necessary  information  or  obtain  it  direct  from  the  section 
man  in  charge  of  the  section. 

By  use  of  these  two  systems  the  faulty  or  missing  information 
cases  have  been  reduced  to  a  minimum,  and  the  value  of  the  record 
system  has  been  rendered  nearly  100  per  cent,  in  the  present 
distribution  system. 
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REINFORCED  CONCRETE  PRESSURE  PIPE^ 
By  Coleman  Meriwether 

Although  concrete  was  used  as  along  ago  as  2300  years  to  build 
an  aqueduct  for  the  city  of  Carthage  and  later  for  the  construc- 
tion of  aqueducts  for  Rome,  it  is  only  recently  that  pre-cast  rein- 
forced concrete  pipe  has  been  developed  to  meet  the  principal 
requirements  of  pressure  lines.  Experienced  gained  lately  shows 
that  concrete  properly  made  and  suflSciently  reinforced  will  resist 
safely  internal  and  external  stresses  up  to  100  pounds  per  square 
inch.  Correct  methods  of  manufacture  will  produce  pipe  with  a 
low  coeflScient  of  friction,  experience  having  shown  that  a  greater 
discharge  was  obtained  from  concrete  lines  than  was  anticipated. 
Leakage  through  the  walls  of  pre-cast  pipe  has  been  almost  nil  and 
leakage  through  the  joints  has  been  less  than  is  usually  allowable 
for  water  mains. 

As  the  construction  of  pipe  lines  is  usually  carried  on  at  tempera- 
tures higher  than  that  of  the  water  which  will  flow  through  the 
conduits,  it  necessarily  follows  that  contraction  will  occur.  This 
will  produce  cracks  at  the  joints  through  which  considerable  leakage 
will  occiu"  if  provision  has  not  been  made  to  care  for  the  contraction. 

It  may  be  assumed  that  the  maximum  temperature  at  the  time 
of  construction  will  be  near  100°  F.  and  that  during  the  winter  in 
some  parts  of  North  America  the  temperature  will  drop  as  low  as 
50°  or  more  below  zero.  Pipe  lines  should  be  covered  with  the 
earth  backfill  before  work  is  suspended  for  the  winter  and  all  open- 
ings in  the  pipe  line  should  be  tightly  closed  to  prevent  circulation 
of  air  in  the  conduit.  With  such  precautions  the  temperature  of 
the  pipe  line  is  not  Ukely  to  drop  below  40°  F.  Flowing  water  will 
have  a  temperature  very  little  imder  32°  F.  The  above  assumptions 
will  give  an  idea  of  the  range  of  temperatures  and  the  consequent 
contraction  and  expansion  in  water  conduits. 

*  Read  before  the  Illinois  Section,  April  16,  1918. 
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One  of  the  joints  now  used,  figure  1,  is  constructed  with  a  crimped 
copper  band  which  is  continuous  throughout  the  circumference  of 
the  joint.  As  the  pipe  contracts  the  crimp  opens  and  as  the  pipe 
expands  the  crimp  closes.  This  joint  is  used  in  pipes  36  to  108 
inches  in  diameter  and  is  a  true  expansion  joint,  having  been 
found  successful  in  different  parts  of  North  America.  To  reduce 
the  number  of  joints  it  is  well  to  make  the  pipes  as  long  as  is  practi- 
cable and  trench  conditions  such  as  bracing,  etc.,  may  be  limiting 
factors.  The  practice  so  far  has  been  to  make  pre-cast  units  of  a 
maximum  laying  length  of  8  feet.  It  has  also  been  determined  in 
practice  that  it  is  necessary  to  equip  each  pre-cast  unit  with  the 
copper  expansion  joint. 

Groi/f  [^^^^  cement 

yparf  ^oJid  ^  <f^eof  cemenf  ^/s  oj  copper 


^O^^ 


;C:iv>:^^a-\ 


mSMa 


^ExferKiT  o/  h^o//  of  p/joe  ^Asp/yo/fed  surface 

Fig.  1.    Expansion  Joint. 

The  installation  of  a  plant  for  manufacturing  66-inch  reinforced 
concrete  pressure  pipe  for  10  miles  of  the  Greater  Winnipeg  water 
conduit  in  Manitoba,  Canada,  and  some  of  the  details  of  manu- 
facture are  described  below.  The  layout  of  such  a  plant  is  a  matter 
of  no  small  importance,  for  incessant  care  must  be  used  in  all  the 
details  from  the  installation  of  the  plant  and  its  equipment  imtil 
the  last  pipe  is  laid  and  the  line  tested. 

Pipe  are  cast  on  end  and  the  molds  of  sheet  steel  and  cast  iron 
must  be  erected  on  substantial  foundations  of  reinforced  concrete, 
the  surface  of  the  foundations  being  truly  level  and  finished  smoothly 
so  that  when  the  cast  iron  base  mold  is  set  and  the  sheet  steel  casings 
are  erected  the  casings  will  be  truly  vertical. 

The  process  of  assembling  consists,  first,  of  cleaning,  oiling  and 
setting  the  cast  iron  bases  on  the  concrete  foundations.  Second, 
the  inner  sheet  steel  casings  are  set  on  the  bases  and  on  top  of  them 
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is  placed  a  steel  filling  platform  used  to  center  and  hold  truly  circular 
the  inner  casings  as  well  as  to  receive  concrete  from  the  conveying 
buckets.  Third,  the  inner  cage  of  reinforcement  is  placed,  with  its 
bottom  strand  set  in  an  annular  slot  in  the  cast  iron  base;  the  slot  is 
then  filled  with  dry  sand  which  forms  a  core  and  prevents  concrete 
flowing  into  the  space  and  thereby  binding  the  base  to  the  pipe. 
Fourth,  the  outer  cage  of  reinforcement  is  set  and  the  outer  steel 
casing  placed  and  clamped.  The  mold  is  then  ready  to  receive 
concrete. 

A  batch  of  neat  cement  grout  is  dumped  on  the  filling  platform 
and  flows  into  the  mold,  splashing  over  the  two  rings  of  reinforce- 
ment in  its  descent  to  the  bottom  of  the  mold.  There  a  portion  of 
the  grout  remains  until  the  first  batch  of  concrete  is  deposited, 
when  this  surplus  grout  rises  with  and  is  incorporated  into  the 
concrete  and  thereby  replaces  any  grout  which  may  have  been 
abstracted  from  the  concrete  by  the  reinforcement.  This  is  neces- 
sary to  secure  a  pipe  dense  throughout  its  mass.  The  first  batch 
of  concrete  is  dumped  on  the  filling  platform  almost  as  soon  as  the 
last  of  the  grout  flows  into  the  mold,  and  each  mold  is  filled  very 
quickly,  not  enough  time  elapsing  to  cause  any  line  of  separation 
between  batches.  The  filling  is  continuous  from  start  to  finish. 
All  parts  of  the  molds  are  cleaned  and  oiled  between  each  filling. 

In  the  manufacture  of  most  pre-cast  concrete  pressure  pipe  it  is 
necessary  to  use  1  volume  of  portland  cement,  1|  volumes  of  sand 
and  2|  volumes  of  coarse  aggregate;  this  means  that  2|  barrels 
or  950  pounds  of  cement  is  used  per  cubic  yard  of  concrete.  In 
the  manufacture  of  pre-cast  pipe  for  the  Winnipeg  Aqueduct  it 
was  found  necessary  to  use  but  one  sack  of  cement  to  3.8  cubic  feet 
of  mixed  aggregate,  or  approximately  2  barrels  or  700  pounds  of 
cement  per  cubic  yard  of  concrete.  (The  Canadian  barrel  weighs 
350  poimds  gross  or  346  pounds  net.)  This  small  quantity  of 
cement  was  found  sufficient  because  of  the  very  excellent  grading 
of  the  mixed  aggr^ate.  The  concrete  is  mixed  to  a  quaking  or 
jellylike  consistency,  which  will  easily  flow  into  place  when  sUghtly 
puddled. 

On  the  Winnipeg  work,  the  concrete  was  mixed  in  batch  mixers 
at  each  end  of  the  manufacturing  plant,  and  after  being  dumped 
into  conical  buckets  was  transported  by  traveling  derricks  to  the 
molds.  A  simple  ball  valve  easily  and  accurately  controlled  the 
flow  of  concrete  from  the  buckets,  which  carried  grout,  concrete  and 
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mortar  equally  well.  Molds  were  filled  simultaneously  in  pairs, 
one  member  of  each  pair  being  on  opposite  sides  of  the  derrick 
track,  which  was  located  in  the  center  of  the  manufacturing  site. 

When  the  concrete  in  the  molds  reached  the  top  of  the  outer 
casing,  a  cast  iron  spigot  ring  was  set  and  the  spigot  mortar  de- 
posited, tamped  in  place  and  the  copper  expansion  joint  set. 

The  mortar  for  spigots  on  this  contract  is  made  of  1  part  cement 
to  2  parts  sand.  It  is  mixed  to  the  same  consistency  as  the  con- 
crete so  as  to  obtain  the  same  rate  of  setting  and  settlement,  as 
nearly  as  possible.  As  the  spigot  mortar  settles,  more  mortar  is 
added  until  the  settlement  ceases,  when  the  joint  is  finished. 

Each  expansion  joint  is  mounted  on  a  steel  spider  which  remains 
in  position  imtil  the  concrete  has  set  and  the  forms  are  to  be  stripped 
from  the  pipe.  The  spider  is  centered  accurately  by  means  of  a 
pin  and  a  hole  in  the  center  of  the  filling  platform. 

To  maintain  a  constant  and  uniform  rate  of  setting  in  the  con- 
crete, as  well  as  to  protect  the  concrete  from  the  low  night  tem- 
peratures sometimes  attained  in  Canada,  wet  steam  was  used  in 
order  to  obtain  a  moist,  warm  atmosphere  about  the  pipes.  The 
steam  mains  were  laid  imderground  in  a  way  to  prevent  excessive 
radiation  as  well  as  to  place  them  out  of  the  way.  A  riser  connected 
each  steaming  set  of  five  vertical  jets  with  the  mains.  One  of  the 
jets  was  placed  in  the  center  of  the  concrete  foundation  so  as  to  be 
in  the  center  of  the  cast  iron  base  and  the  other  four  jets  were 
spaced  equidistant  aroimd  the  circumference  of  the  base,  suflScient 
space  being  allowed  for  clearance  between  the  jets  and  the  edge  of 
the  base.  To  confine  the  steam  to  the  pipes,  canvas  jackets  and 
hoods  were  used,  the  jackets  being  suspended  by  hooks  from  an  iron 
pipe  ring  supported  on  two  hard  wood  arms  which  were  raised  above 
the  copper  expansion  joint  strip  by  hard  wood  blocks  on  each  end 
of  the  arms.  The  jackets  were  laced  vertically  and  a  canvas  hood 
placed  over  the  top  of  the  steam  cover  spider,  the  wood  arms  and 
the  iron  ring  of  the  spider  preventing  the  hood  from  resting  on  the 
light  copper  expansion  joint.  The  hood  was  tied  to  the  jacket  by 
means  of  rope  and  rings,  and  the  jackets  were  held  snugly  in  place 
by  rope  run  through  eye-bolts  secured  in  the  concrete  bases.  The 
canvas  steam  covers  were  removed  with  the  spider  when  the  forms 
were  stripped,  and  were  replaced  as  soon  as  the  casings  had  been 
removed.  The  steam  was  again  turned  on  and  the  pipe  steamed 
for  three  to  four  days. 
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Leakage  testa  on  completed  pressure  conduits 


Baltimore,  Md . . 

Dallas,  Tex 

Ft.  Worth,  Tex. 

Seattle,*  Wash.. 


DZAMKTBB 


inch€i 
108  and  84 

36 
36  and  48 

42 


LBNOTH 
OF  LINE 


8,700 
14,000 

1,200 
12,800 
8,000 


PRI86X7BB 
HXAD 


82 
70 

70 
135 


Per  1000     Per  mile 


galloru 

1,494 

121 

1,143 


gallona 

7,888 

639 

6,035 


*The  pipe  line  in  Seattle  was  a  trunk  water  conduit  to  operate  under  a  head 
of  90  feet  and  every  pipe  was  tested  to  135  pounds  pressure.  Tests  were  made 
on  short  sections  of  completed  line  and  the  leakage  was  nil. 
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Posifton  of  gasket  arx/fl/pe  ends 
Jusf  before  p/oan^  pipe  fo^tf>er 


5^:^C3-^^:: 


FS^ 


SZ^!M^- 
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F/n/s/^ecf  Jb/n/' 
Fio.  2.     New  Type  of  Joint. 

All  that  has  been  said  heretofore  refers  particularly  to  the  copper 
expansion  joint  type  of  reinforced  concrete  pressure  pipe.  There 
has  recently  been  developed  a  new  type  of  expansion  joint,  and 
at  the  time  of  writing  this  paper  reinforced  concrete  pressure  pipe 
36  inches  in  diameter  with  this  type  of  joint  has  been  manufactured 
and  tested  with  satisfactory  results. 

It  is  proposed  to  construct  reinforced  concrete  pressure  pipe  10 
to  48  inches  in  diameter  and  12  feet  long,  each  section  being  pro- 
vided with  a  cast  iron  spigot  ring  at  one  end  and  a  cast  iron  bell 
ring  at  the  other,  the  rings  being  cast  integrally  with  the  concrete. 
Figure  2  shows  the  joint.    The  faces  of  the  rings  which  bear  upon 
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the  lead  gasket  will  be  accurately  machined,  providing  a  very  true 
circular  surface.  The  spigot  ring  is  provided  with  a  seat  for  the 
lead  gasket,  the  face  of  which  seat  forms  half  of  a  dovetail,  the 
object  being  to  provide  a  greater  thickness  of  gasket  at  the  seat  of 
the  dovetail.  This  prevents  the  gasket  being  withdrawn  when  the 
pipe  contracts  or  when  the  pipe  is  deflected. 

The  lead  gasket  consists  of  a  lead  pipe  filled  with  compressed 
fiber  and  then  flattened  to  an  elliptical  section,  the  proper  length 
of  gasket  being  turned  to  a  oircle,  which  is  joined  forming  a  ring. 
This  ring  is  placed  in  the  bell  and  the  pipe  is  then  ready  to  receive 
the  spigot  end  of  the  next  pipe  to  be  laid.  As  the  pipes  are  shoved 
home  the  lead  gasket  is  changed  from  the  eUiptical  section  to  a 
section  which  fills  the  dovetail  space  and  the  space  between  the 
dovetail  of  the  bell  and  the  outer  face  of  the  spigot.  After  this 
has  been  done  a  light  rope  of  cotton  or  jute  is  placed  and  a  weak 
joint  filler  of  cement  mortar  is  applied,  filling  the  calking  space. 
This  space  is  provided  in  the  event  it  should  be  necessary  to  calk 
the  lead  gasket  joint.    Such  calking  is  not  expected  to  be  necessary. 
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SIGNIFICANCE  OF  BLACK  SANDS  IN  FILTERS^ 
By  J,  E.  Wblkeb  and  C.  C.  Young 

Regulations  adopted  by  the  Kansas  State  Board  of  Health  under 
the  Water  and  Sewage  Law  passed  by  the  1916  Legislatiu-e  require 
weekly  analyses  to  be  made  in  the  laboratory  of  the  board  of  waters 
from  all  surface  sources  and  semi-annual  inspections  of  the  water 
works  by  the  engineers  of  the  division  of  water  and  sewage  of  the 
board.  This  relativdy  close  contact  with  the  filter  plants  has  brought 
up  many  topics  of  filter  plant  operation  for  discussion  and  solution, 
not  the  least  interesting  of  which  is  the  darkening  of  the  sands. 

Filter  plant  operators  noted  a  gradual  darkening  of  the  sands 
in  many  of  the  plants.  At  first  no  thought  was  given  to  the  phe- 
nomenon other  than  the  fact  that  the  beds  were  not  clean  at  the 
time  of  observation,  but  it  was  found  impossible  to  wash  the  sand 
back  to  its  original  color.  Samples  were  submitted  to  the  labora- 
tory and  analyses  made  which  showed  that  the  dark  color  was  due 
to  manganese  and  iron.  The  darker  the  deposit,  the  higher  the 
percentage  of  manganese. 

At  Osawatomie  there  was  the  most  striking  change  in  the  color 
of  the  sand.  In  a  few  weeks  the  color  changed  from  a  natural  light 
yellow  to  coal  black.  Careful  study  of  the  basin  and  influent  lines 
showed  a  growth  of  bryozoa  or  pipe  moss.  When  these  organisms 
died,  the  deposit  of  their  sheaths  showed  a  very  high  percentage  of 
manganese.  An  analogy  was  drawn  between  this  phenomenon  and 
the  fact  that  the  muck  lands  of  Florida,  Hawaii  and  other  places 
carry  an  extremely  high  percentage  of  manganese  and  it  seemed 
perfectly  plausible  that  the  same  principles  of  decomposition  and 
deposition  would  be  maintained  in  a  filter  bed  that  was  allowed  to 
become  foul. 

In  most  commimities  plants  are  built  to  supply  much  more  water 
than  is  actually  needed.  Consequently,  they  are  intermittently 
operated.  The  filters  will  be  run  for  a  few  hours  and  be  allowed 
to  stand  six  or  eight  or  even  twenty-four  hours  without  filtering 
again  and  without  washing.    This  procedure  is  continued  imtil 

^  Read  before  the  St.  Louis  Convention,  May  14,  1918. 
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such  a  loss  of  head  results  that  no  more  water  can  be  put  throu^ 
the  filter.  The  filter  is  then  washed.  In  every  filter  plant  men- 
tioned in  this  paper,  there  have  probably  been  many  periods  of 
stagnation  var3ring  from  eight  to  twenty-four  hours. 

In  Meade  (bounty,  Kansas,  and  elsewhere  there  have  been  found 
small  beds  of  almost  piure  quartz  sand,  coated  with  a  deposit  similar 
to  those  that  develop  in  intermittently  operated  filter  plants.    No 

TABLE  1 
ReauUa  of  analyses  of  filler  sands:  grams  in  lO-gram  samples 


Neosho  River 

Burlington 

Chanute 

Humboldt 

Council  Grove 

Verdigris  River 

Independence 

Original 

Used 

Coflfeyville 

Cherryvale 

Walnul  River 

Douglas 

Winfield 

Augusta 

Marais  des  Cygnes 

Osawatomie 

Mill  Creek 

Washington 

Impounding  Reservoir 

Garnett 

Olathe 

Shreveport,  La 


OP 
WATBB 


ineh49 

12 
15 
15 


15.0 
12.0 

12.0 
7.5 
9.0 


12.0 

18.0 
14.7 


M1UO4 


0.0030 
0.0076 
0.0129 
0.0683 


0.0007 
0.0070 
0.0172 
0.0312 

0.0061 
0.0634 
0.2037 

0.0298 

0.0580 

0.0240 
0.0141 
0.0095 


TIABS 
IN 
BID 


4 
4 
2 

3* 


4* 
6 

3* 

8 

6 

2* 

3* 

3 
3i 


0.00350.00650.077110.0706 
0.01420.02180.39080.3690 
0.02140.03430.45940.4251 
0.0071  0.07540.347010.2716 


FwOs 


0.0093 
0.0214 
0.0092 
0.0214 

0.0017 
0.0214 
0.0178 


0.017210 
0.0071 


0.0214 
0.0050 
0.0214 


MniOi 

AND 

FeiOs 


0.0078 
0.0848 
0.2215 


.0470 
0.0651 


0.0454 
0.0191 
0.0309 


AND 
CLAT 


0.01000.05830  0483 
0.02840.29150.2631 
0.04040.31690.2765 
0.052610. 993010.9404 


0.1206 

0 

0  9459 


0.2876 

0.2550 

0.3507 
0.1084 
0.2642 


BNCB* 
<XAT 


0.1128 

60420.5194 
0.7244 


0.2406 

0.1899 

0.3053 
0.0893 
0.2333 


one'  can  say  just  how  and  where  these  beds  were  laid  down  but  it 
is  fair  to  suppose  that  the  conditions  were  somewhat  similar  to  that 
existing  in  a  foul  filter  bed. 

In  making  analyses,  the  sodiimi  bismuthate  method  was  used  to 
make  the  determination  of  manganese  and  the  iron  was  determined 
colorimetrically.  The  clay  reported  in  the  table  was  accreted  with 
the  deposit  of  manganese  and  iron  oxides.    It  is  fortunate  that  the 
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laboratory  saved  samples  of  the  original  sands  that  were  intro- 
duced into  the  filter  plants  at  the  time  of  their  construction.  All 
of  the  sands  returned  negative  results  for  manganese,  with  the 
exception  of  the  sample  from  Independence,  which  gave  10  milli- 
grams of  the  combined  oxides. 

Table  1  gives  the  results  of  anal3rses  and  a  short  description  of 
each  plant  is  appended. 

Burlington.  Installation  test  made  May,  1914.  New  York  Continental 
Jewell  standard  filter  equipment;  combined  air  and  water  wash.  Wash  water 
from  distribution  system  at  pressure  of  50  pounds  per  square  inch.  Wash 
water  valve  opened  to  give  rate  of  12  inches  vertical  rise  per  minute.  Con- 
siderable difficulty  has  been  experienced  with  microscopic  growth  in  basins 
and  filters.  General  operation  of  plant  good.  Sand  removed  March,  1917, 
following  trouble  with  filter  bed.    One  manifold  pipe  found  broken. 

Chanuie,  Installation  test  made  May,  1914.  Pittsburg  Filter  Company 
standard  equipment.  Washed  with  water  alone,  furnished  by  centrifugal 
pump,  giving  a  rate  of  15  inches  vertical  rise  per  minute.    Plant  operation  fair. 

Humboldt,  Installation  test  made  May,  1916.  Pittsburg  Filter  Company 
standard  equipment.  Filters  washed  with  water  alone.  Wash  water  sup- 
plied from  distribution  system  and  valve  opened  to  give  wash  water  rate  of 
15  inches  vertical  rise  per  minute.    Plant  operation  fair. 

Council  Grove,  Installation  made  September,  1914.  New  York  Conti- 
nental Jewell  Filter  Company  standard  wooden  tub  filter  construction. 
Filters  washed  with  mechanical  agitation.  Wash  water  supplied  from  dis- 
tribution system  pressure.  No  reducing  valve  used  on  the  wash  water  line 
and  as  a  result  excessive  rates  have  been  used,  resulting  in  the  displace- 
ment of  the  sand  and  gravel.  In  1916  the  filter  beds  were  dug  up  and  the 
gravel  was  found  to  be  very  much  displaced  and  mixed  with  the  sand,  and 
many  of  the  strainers  clogged.  February,  1918,  the  beds  were  again  dug  up 
and  approximately  50  per  cent  of  the  strainers  were  foimd  to  be  clogged. 
Plant  operation  good. 

Independence,  Installation  test  made  May,  1914.  Concrete  filter  con- 
struction, with  ridged  bottom  under-drains  using  wire  screen  between  gravel 
and  sand.  Wash  water  supplied  from  wash  water  tank,  having  a  pressure  of 
approximately  22  pounds  per  square  inch  at  the  inlet.    Plant  operation  fair. 

Coffeyville.  Installation  test  December,  1913.  New  York  Continental 
Jewell  Filtration  Company  standard  equipment.  Combined  air  and  water 
wash.  Wash  water  supplied  by  centrifugal  pump,  giving  a  wash  velocity  of 
approximately  15  inches  vertical  rise  per  minute.    Plant  operation  good. 

Cherryvale.  Installation  test  June,  1912.  New  York  Continental  Jewell 
Filtration  Company  standard  equipment.  Filter  washed  with  combined  air 
and  water  wash.  Wash  water  supplied  by  centrifugal  pump,  giving  a  wash 
water  velocity  of  approximately  12  inches  vertical  rise  per  minute.  Plant 
operation  good. 

Douglas.  Installation  test  made  September,  1914.  New  York  Continental 
Jewell  Filtration  Company  standard  equipment.    Filter  washed  with  corn- 
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bined  air  and  water  wash.  Water  supplied  from  distribution  sjrstem  at  a 
pressure  of  approximately  50  pounds  per  square  inch.  Variable  rate  of  wash 
water.    Operation  of  plant  good. 

Winfield.  Plant  installed  1910.  Modified  Greer  filter  construction,  using 
combined  air  and  water  wash.  Wash  water  supplied  by  separate  wash  water 
pump,  giving  a  wash  water  velocity  of  7}  inches  vertical  rise  per  minute. 
Plant  operation  variable. 

Augusta.  Installation  test  July,  1912.  American  Water  Softening  Com- 
pany standard  filter  equipment.  Air  and  water  wash.  Wash  water  originally 
furnished  from  distribution  sjrstem;  now  furnished  by  separate  wash  water 
pump,  which  gives  a  wash  water  velocity  of  9  inches  vertical  rise  per  minute. 
In  1916  the  beds  washed  unevenly  and  mud  balls  were  in  evidence.  Plant 
operation  inconstant. 

OBawaiomie,  Installation  test  December,  1915.  New  York  Continental 
Jewell  Filtration  Company  standard  equipment.  Combined  air  and  water 
wash.  Wash  water  secured  from  distribution  S3rstem  at  60  to  60  pounds 
pressure  per  square  inch.  On  different  occasions  the  wash  water  valve  has 
been  opened  so  that  the  wash  water  rate  was  excessive  and  the  sand  and 
gravel  became  mixed.  The  plant  has  had  considerable  operating  trouble  from 
microscopic  growth  in  basins  and  filters.    Plant  operation  variable. 

WaahingUm.  Installation  test  October,  1914.  New  York  Continental 
Jewell  Filtration  Company  standard  equipment.  Filter  washed  with  com- 
bined air  and  water.  Wash  water  supplied  by  separate  wash  water  pump, 
giving  a  wash  water  velocity  of  12  to  13  inches  vertical  rise  per  minute.  Plant 
operation  variable. 

Qaxnett.  Plant  installed  1908.  New  York  Continental  Jewell  Filtration 
Company  standard  equipment.  Filters  washed  with  water  only.  Water 
supplied  directly  from  distribution  system,  at  a  pressure  of  approximat^y 
60  pounds  per  square  inch  at  the  manifold,  giving  a  wash  water  velocity  of 
approximately  18  inches  vertical  rise  per  minute.  Sand  replaced  in  1915; 
in  a  very  dirty  condition  in  1917.    Plant  operation  poor. 

Olathe,  Installation  test  August,  1914.  Pittsburg  Filter  Company's 
equipment.  Air  and  water  wash.  Wash  water  velocity  14.7  inches  vertical 
rise  per  minute.  In  January,  1918,  the  filters  washed  unevenly  and  several 
of  the  strainers  were  clogged.    Operation  good. 

This  investigation  has  not  been  carried  to  a  point  where  it  can 
be  definitely  stated  that  the  darkening  of  the  sand  has  any  effect 
upon  the  efficiency  of  the  filter,  but  there  is  a  feature  well  worth 
investigation  along  this  line  because  it  seems  that  penetration  of  the 
bed  is  followed  by  this  coloration.  At  the  present  time  the  only 
definite  discovery  is  an  ocular  index  of  improper  operation.  This 
is  something  the  small  plant  filter  operator  can  be  warned  to  look 
out  for.  If  he  finds  that  his  sand  is  becoming  dark,  he  should  change 
his  time  or  method  of  washing  so  that  he  will  have  no  fouling  or 
penetration  of  the  bed. 
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By  a.  W.  Cuddeback 

The  office  records  of  the  location  of  service  pipes,  valves,  hydrants 
and  distribution  mains  of  the  Passaic  Water  Company  are  about 
as  simple  as  can  be  devised,  consistent  with  giving  the  information 
necessary  and  useful  for  the  proper  recording  of  such  structures. 

Service  pipes.  Service  pipes  are  given  a  serial  number,  which  is 
also  the  number  that  goes  with  the  accoimt,  and  these  numbers 
have  been  running  continuously  from  one  up  since  the  business  was 
started.  Where  there  are  several  services  pipes  supplying  one 
property  which  comes  imder  one  account,  they  have  the  same 
niunber. 

The  accounts  are  indexed  on  the  ledger  cards  imder  the  street 
niunber  and  name  of  the  person  paying  the  water  rent. 

The  record  of  the  service  is  entered  on  a  No.  9518  Library  Bureau 
card,  which  is  practically  3  by  5  inches  in  size.  The  front  of  this 
card  shows  the  serial  number;  street  number;  name;  size  of  tap  in 
main;  size  of  service  pipe;  size  of  main;  and  gives  a  measurement 
of  the  location  of  the  corporation  cock,  which  refers  to  the  lot  line, 
the  buUding  or  curb  line.  It  has  the  date  on  which  the  connection 
was  made;  the  kind  of  material;  and  the  name  of  the  foreman  putting 
it  in;  whether  there  is  a  curb  shut-off  and  how  far  laid. 

The  reverse  side  of  this  card  has  printed  upon  it  a  diagram  of  a 
city  block  with  streets  on  four  sides  of  it,  on  which  is  made  a  sketch 
of  the  property,  indicating  the  building;  the  main  in  the  street;  and 
the  service  pipe.  On  this  the  reference  measiu-ements  are  entered 
again,  showing  to  what  point  they  refer.  The  four  streets  bounding 
the  block  are  named  so  the  property  can  be  definitely  located. 

If  the  service  pipe  is  renewed  at  any  time,  the  detail  of  the  re- 
newal is  entered  upon  the  card,  or  if  necessary,  a  new  card  is  made, 
giving  thQ  additional  information  required  by  the  change. 

When  a  service  pipe  is  abandoned  for  any  reason  and  is  not  at 
that  time  replaced  with  another  service,   the  nimiber  formerly 

*  Read  at  the  St.  Louis  Convention,  May  16,  1918. 
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appl3dng  to  that  service  is  used  for  some  other  service,  thus  avoiding 
a  lot  of  dead  numbers. 

It  is  very  easy  to  get  the  proper  information  for  entering  on  this 
card,  because  the  company  lays  its  own  service  pipes  and  has  been 
doing  so  for  the  past  20  years.  Where  private  plumbers  are  allowed 
to  make  service  pipe  connections,  proper  cards  should  be  furnished 
them,  on  which  to  record  the  information  desired  to  be  kept  for 
reporting  to  the  water  office. 

For  the  purpose  of  recording  the  location  of  services  not  on 
rectangular  blocks,  cards  are  used  with  the  reverse  side  blank,  in 
order  that  a  sketch  showing  the  exact  conditions  may  be  made. 


PASSAJC  water  CO..  PAT^RSON.  N.  J. 

Fig.  1.    Front  op  Valve  Recobd  Cabd 


Valves.  Valve  cards  are  exactly  the  same  size  as  the  service  pipe 
cards.  The  front  of  the  card  in  this  case,  however,  shows  the 
sketch,  which  has  four  blocks  with  two  streets  between,  figure  1. 
The  pipes  are  sketched  in  the  streets  in  both  directions.  The 
cardinal  points  are  marked  with  a  rubber  stamp.  The  location  of 
the  valve  is  indicated,  and  the  measiu'ements,  referring  in  almost 
all  cases  to  the  curb,  are  entered  on  the  sketch.  The  names  of  the 
streets  are  marked. 

The  cards  are  indexed  according  to  streets  and  run  consecutively 
in  one  direction  on  the  street.  They  are  cross-indexed  by  entering 
a  card  for  the  cross  street  on  which  is  put  only  the  name  of  the 
street. 
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On  the  reverse  side  are  printed  locations  for  four  valves,  figure  2. 

Locations  are  made  by  giving  the  distance  north,  east,  south  or 
west,  from  the  curb  lines. 

As  in  the  service  pipe  cards,  for  special  locations,  blank  cards  are 
provided  on  which  the  sketch  can  be  made. 

Valves  are  also  given  a  number,  which  number  is  consecutive 
with  their  installation. 

Hydrants,  No  special  card  is  used  for  hydrants.  The  record  of 
the  hydrant  is  kept  in  a  book,  which  gives  the  serial  number  of  the 
hydrant;  the  street  on  which  the  hydrant  is  located,  the  street  on 
which  the  hydrant  faces  being  mentioned  first;  the  date  it  was 
installed;  make  of  the  hydrant;  and  the  water  pressure;  also  whether 
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Fig.  2.    Reverse  of  Valve  Record  Card. 

the  hydrant  is  gated  or  not.  A  card  index  is  kept  of  this  book  by 
street  intersections  so  that  the  book  can  be  readily  referred  to. 

Distribution  mains.  A  field  book  with  pages  5  by  7^  inches  is 
kept  of  all  distribution  main  installations.  This  book  is  of  the 
ordinary  size  used  by  engineers  for  notes,  and  is  ruled  in  small 
squares. 

The  necessary  information  for  this  book  is  sketched  in  pencil 
when  the  installation  is  made.  A  complete  sketch  is  made  showing 
the  street  lines;  location  of  pipe  with  reference  to  these  lines  and 
proper  measurements;  location  of  valves,  hydrants,  branches  and 
specials  is  also  indicated;  dead  ends;  kind  of  material  used;  name  of 
foreman  making  the  installation;  character  of  the  digging;  depth  to 
which  pipe  is  laid,  as  shown  in  Fig.  3. 
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There  also  appears  on  this  page  a  flymbol  which  shows,  whai 
checked,  that  the  inf onnation  given  here  has  been  recorded  in  its 
proper  place,  i.  e., 


DELtmf^^ 


^ 

^ 


/v. 


/^OFPALd  'n 


N. 


-♦-H 


rCXA^OWr  I 


6"  C,Z. 


J,.     Ai^F. 


%ir 


iV#>< 


CO 

(VJ 


S^m  Green 

Fottm9n 
leadife 


-wr 


Fio.  3.    Paob  from  DisTBiBunoN  Field  Book 

G.  C.  means  gate  card,  and  when  checked  that  the  information 
has  been  placed  on  the  proper  card  and  filed. 
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D.  E.  means  dead  end,  that  the  proper  record  has  been  made  of 
the  dead  end  on  cards  kept  for  this  purpose. 

H.  means  hydrant,  and  that  it  has  been  recorded  in  the  proper 
hydrant  book. 

M.  1,  M.  2,  M.  3,  M.  4,  and  M.  6  indicate  that  the  information 
on  this  page  has  been  recorded  on  Maps  1,  2,  3,  4,  and  6.  These 
maps  are  large  maps  on  a  scale  of  400  feet  to  the  inch,  which  show 
the  entire  distribution  system,  with  location  of  hydrants,  valves 
iind  street  mains  indicated  according  to  the  nomenclature  adopted. 
Maps  of  this  kind  are  kept  in  various  convenient  places  for  reference, 
•as  in  the  working  office  and  in  the  office  of  the  superintendent  and 
•engineering  department. 

The  book  is  indexed  by  streets  with  reference  to  the  book  number 
And  page  number  on  which  the  original  sketch  appears,  and  kept 
properly  filed.  No  other  detail  record  of  main  locations  is  kept. 
It  has  been  foimd  that  all  the  records  necessary  or  desirable  can  be 
kept  in  this  way.  As  much  or  as  little  detail  as  desired  can  be 
entered  in  this  book. 

None  of  the  relsords,  either  in  the  books  or  on  cards,  is  drawn  to 
43cale. 

Maps  showing  the  distribution  system  as  a  whole,  are  usually 
made  with  the  width  of  the  streets  exaggerated  so  that  the  piping 
^stem  stands  out  as  the  main  feature  on  the  map.  It  does  not 
take  an  expert  draftsman  to  do  any  of  this  work.  Anybody  who  is 
A  fairly  good  letterer  and  can  use  a  straight  line  pen  and  is  neat, 
«can  do  the  work  satisfactorily. 
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By  Victor  E.  Shelford 

The  United  States  Fish  Commission  is  urging  the  public  to  eat 
fish — to  make  every  day  a  fish  day.  This  was  once  the  case.  In  a 
great  strike  of  apprentices  in  the  early  days  of  the  repubUc  one  of 
their  chief  demands  was  that  they  receive  salmon  only  three 
times  a  week.  The  richness  of  the  fish  supply  of  our  eastern  states 
in  the  colonial  days  and  early  days  of  the  republic  can  scarcely  be 
appreciated.  One  author  said  of  the  shad  in  the  Susquehanna  and 
Delaware  Rivers: 

They  came  in  such  vast  multitudes  that  still  waters  seemed  filled  with 
eddies,  while  the  shallows  were  beaten  into  foam  by  them  in  their  struggles 
to  reach  their  spawning  groimds.  They  swarmed  every  spring  from  mouth 
to  head  waters  of  every  stream  from  Maine  to  Florida. 

Shad  was  an  important  food  fish  in  the  early  days  of  the  nation; 
they  were  eaten  fresh  and  smoked,  and  were  salted  for  winter  use. 
Dming  the  spring  runs  people  traveled  long  distances  to  shoal 
waters  to  obtain  their  winter's  supply.  Along  the  Illinois  river 
many  years  ago  the  buffalo  fish  was  the  chief  marketable  species. 
These  were  caught  by  farmers,  fishermen  and  others  during  the 
breeding  season  and  shipped  by  boat,  principally  to  St.  Louis.  No 
ice  was  used.  The  fish  were  frequently  thrown  away  because  they 
spoiled  or  the  market  was  overloaded. 

Perhaps  without  mention  of  these  facts,  the  author's  remarks 
about  fish  would  not  mean  very  much.  Americans  have  been  very 
careless  with  the  fish  resources  in  this  country.  There  was  over- 
catch.  Then  pollution  of  water  by  wastes  from  manufacturing 
plants  and  by  sewage  of  cities  completed  the  work  of  destruction 
already  started  by  heedless  fishermen,  but  the  pollution  of  the 
water  is  far  more  serious  than  over-fishing  because  it  destroys  the 

*  Read  before  the  Illinois  Section,  April  16,  1918.  A  more  complete  dis- 
cussion of  the  nine  topics  mentioned  in  this  paper  20  being  published  in  the 
Bulletin  of  the  Illinois  State  Laboratory  of  Natural  History,  Vol.  xiii;  Art.  2. 
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possibility  of  easy  recovery.  It  is  well  to  take  stock  of  our  knowl- 
edge now  under  pressure  of  numerous  problems  demanding  imme- 
diate solution  because  of  the  great  war.  In  connection  with  the 
manufacture  of  munitions,  the  proposed  recovery  of  grease  from 
sewage,  and  other  activities,  some  of  the  most  dangerous  effluents 
result,  giving  us  special  war  problems.  The  dangers  to  fishes  are 
increased  with  the  greater  need  to  conserve  them.  Means  of 
measuring  the  harm  which  pollution  will  cause  are  needed  at  once. 
Our  knowledge  is  incomplete  and  not  organized  for  the  purpose. 
While  it  is  not  difficult  to  formulate  a  number  of  important  questions 
to  keep  in  mind  in  deaUng  with  water  pollution,  the  answers  to 
most  of  them  demand  much  investigation.  However,  the  author 
will  outline  nine  points  very  important  to  consider  in  out  efforts  to 
safeguard  fishes. 

1.  First  of  all,  some  of  the  wastes  introduced  into  the  sea,  lakes 
and  streams  kill  fish  and  other  animals  useful  for  food.  Tests  of 
the  toxicity  of  sewage  and  industrial  wastes  must  be  made.  In 
doing  this  it  is  not  sufficient  that  one  take  any  fish  or  other  animal 
he  picks  up.  A  fish  that  is  representatively  sensitive  must  be  used. 
For  this  purpose  use  young  suckers — either  the  red  horse  or  common 
sucker.  They  are  not  less  resistent  than  some  of  the  plants  and 
animals  which  constitute  the  food  of  fishes  and  are  sufficiently 
sensitive  to  afford  a  good  criterion  of  danger  to  fishes  in  general. 
Among  marine  animals  either  fishes  or  shrimps  may  be  used. 

2.  There  is  always  a  most  sensitive  period  in  the  life  of  a  fish  or 
other  useful  animal.  This  is  usually  in  the  young  stages.  In  the 
case  of  the  clam  worm  the  egg  at  the  time  it  is  laid  is  about  twenty 
times  more  resistant  than  the  young  larva.  Some  fishes  appear  to 
be  most  sensitive  at  the  time  of  hatching  and  others  in  the  egg 
stage;  this  stage  may  be  a  hundred  times  more  sensitive  than  the 
adult.  The  most  significant  thing  to  know  about  poisons  is  the 
least  fatal  concentration  to  the  most  sensitive  stage.  In  general 
one  should  use  the  youngest  test  animals  he  can  get,  for  example 
the  youngest  suckers. 

3.  Conditions  in  streams  and  other  bodies  of  water  vary;  the 
concentration  of  the  polluting  substance  should  be  known.  The 
minimum  flow  of  a  stream  usually  gives  the  greatest  concentration. 
The  summer  low-water  conditions  are  dangerous  because  of  little 
flow  and  high  temperature  which  increases  toxicity;  the  winter 
low-water  because  of  slow  flow  and  ice  which  prevents  aeration. 
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Perhaps  something  might  be  done,  such  as  forcing  air  through  the 
effluent  near  the  point  where  the  pollution  is  introduced  to  reduce 
this  danger  during  critical  periods  by  increasing  oxygen  and 
removing  carbon  dioxide. 

4.  The  removal  of  constituents  and  the  results  of  treatment  of 
various  polluting  substances  must  be  fully  analyzed.  It  is  necessary 
to  know  the  results  of  treatment  of  sewage,  industrial  wastes,  etc., 
in  terms  of  their  effects  on  useful  aquatic  animals.  If  coal  tar 
wastes  are  partially  recovered  it  is  necessary  to  know  whether  the 
residue  is  still  toxic.  Experiments  have  shown  that  nearly  all 
constituents  are,  and  hence  any  residue  will  be  almost  certain  to 
be  poisonous.  Effluents  which  result  from  the  Miles  acid  process 
of  sewage  treatment  must  receive  special  consideration,  because 
acid  effluents  such  as  result  from  it  are  very  poisonous,  particularly 
those  resulting  from  the  use  of  SOs.  Such  questions  as  how  much 
add  will  the  water  neutralize,  how  much  COs  is  liberated,  and  the 
like,  must  be  answered.  Also  which  is  the  more  toxic,  HtSOs  or 
H2SO4?  From  existing  knowledge  it  appears  that  sulphites  and 
acid  sulphites  are  far  more  toxic  than  sulphates. 

5.  The  substances  which  are  introduced  into  the  water  not  only 
affect  fishes  directly  but  also  act  through  effects  on  the  bottoms 
on  which  eggs  rest.  Lake  Michigan  once  produced  numerous 
white-fish.  The  number  of  whitefish  has  been  greatly  reduced.  The 
reasons  are  not  only  over-catch  but  also  the  covering  up  of  breeding 
bottoms  with  a  large  amoimt  of  sawdust  and  other  rubbish  which 
makes  the  spawning  grounds  useless.  Some  of  this  bottom  can 
never  be  recovered,  at  least,  not  for  a  long  time. 

6.  The  reaction  of  the  animals  demands  attention.  Both  fresh 
water  and  marine  fishes  react  negatively  to  acids,  i.e.,  they  turn 
back  when  they  encounter  them.  Freshwater  fishes  will  not  enter 
any  but  the  weakest  concentration;  marine  pelagic  fishes  sdect 
alkaline  water.  In  the  fourteenth  century,  about  the  time  the 
Baltic  towns  of  the  Hanseatic  League,  which  depended  upon  the 
herring  industry,  were  at  their  most  prosperous  stage,  herring  began 
to  leave  the  locality  and  are  supposed  to  have  migrated  to  the  North 
Sea.  Herring  were  at  one  time  very  abundant  in  places  which  are 
now  practically  deserted.  Herring  invariably  sdect  a  slightly  alka- 
line water  and  avoid  acids  which  result  from  contamination.  The 
New  Jersey  Mosquito  (Commission  finds  that  the  acids  thrown  into 
the  coast  waters  by  munition  works  repels  the  killifishes  on  which 
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they  depend  to  keep  the  mosquitoes  down.  There  is  also  a  different 
danger  from  other  substances,  especially  organic  compounds,  in 
that  fishes  swim  into  solutions  of  these  and  after  short  stays  avoid 
pure  water  and  die. 

7.  The  time  it  takes  a  body  of  water  to  recover  if  it  has  once 
been  depleted  must  be  considered.  It  has  been  shown  that  a  whole 
association  of  plants  and  animals  must  re-develop  in  places  of  this 
sort.  K  a  pine  forest  is  destroyed  by  fire,  fire  weeds  grow  up  fol- 
lowed by  cottonwoods  or  birches  and  after  a  long  time  pines  again. 
A  similar  slow  process  must  take  place  in  depleted  waters. 

8.  There  is  danger  from  decisions  made  without  investigation 
of  a  particular  case.  One  important  reason  for  this  is  that  poisons 
are  in  some  cases  rendered  much  less  toxic  by  salts  in  solution  in 
the  water  polluted  and  in  other  cases  they  are  rendered  much  more 
toxic  by  the  salts  present. 

9.  We  need  a  new  system  of  bookkeeping  in  dealing  with  these 
matters.  The  value  of  a  waste  is  not  simply  the  value  of  the 
products  which  may  be  prepared  from  it  after  the  cost  of  recovery 
has  been  deducted,  but  from  the  value  must  be  substracted  all 

•  damage  which  the  imtreated  waste  does  to  water  supply,  fisheries, 
etc.  That  is,  the  needs  of  the  entire  conmumity  must  be  considered, 
and  not  merely  those  of  a  few  individuals. 
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WATER  TREATMENT  AT  COUNCIL  GROVE,  KANSAS* 
By  Louis  L.  Tribus 

In  March,  1916,  the  Association  published  a  brief  paper  descrip- 
tive of  the  then  recently  remodeled  water  works  station  at  Council 
Grove,  Kansas,  the  special  item  of  current  interest  being  that 
portion  of  the  plant  treating  the  raw  river  water.  The  feature  of 
novelty  lay  in  the  plan  for  successive  appUcation  of  dissolved 
coagulant,  as  the  water  passed  from  one  part  of  the  system  to 
another.  The  use  of  coagulant  could  be  very  closely  regulated  as 
river  conditions  required  and  as  the  water  exhibited  its  very  varying 
characteristics  and  behavior  while  going  through  the  different 
original  stages  from  sometimes  serious  foulness  to  clear  and  safe 
potability. 

After  three  years  of  operation,  it  may  be  of  interest  to  note  some 
of  the  results  secured  under  the  peculiar  difficulties  that  have  had 
to  be  met. 

The  Neosho  River  has  but  a  limited  watershed;  it  flows  largely 
over  a  rocky  bed,  traversing  a  black  soil  belt  but  sparsely  wooded. 
The  general  region  is  subject  to  sudden  and  violent  storms  which 
are  without  regularity  as  to  season.  These  conditions  produce  high 
floods  and  varying  tiurbidities,  at  times  well  over  5000  parts  per 
million.  How  much  more  than  that  is  not  recorded,  for  the  local 
testing  apparatus  has  no  higher  range.  The  river  flow  varies  from 
almost  nothing  (a  sUght  spring  supply)  to  an  over-abundant  maxi- 
mum, running  from  7  to  15  feet  in  depth  over  the  dam,  having  a 
crest  length  of  100  feet  or  over. 

Alkalinity  ranges  from  a  minimum  of  48  to  a  maximum  of  365, 
decreasing  as  the  river  rises. 

With  the  silt  burden  come  also  varying  colloidal  troubles. 

The  water  temperature  fluctuates  from  a  minimum  of  33°  to  a 

nriAYirmim  of  86*^. 

The  bacterial  content  has  naturally  a  very  wide  range,  due  to  the 
nature  of  the  watershed  and  varying  character  of  the  flow  of  the 
river. 

*  Read  at  the  St.  Louis  Convention,  May  14,  1918. 
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Algae  are  prolific  at  times  in  the  summer  season  when  the  river  is 
low;  copper  sulphate  is  used  sparingly,  but  with  success,  in  the 
lower  reservoir.  The  natural  quaUty  of  the  water  at  low  river 
stages  is  quite  fair,  although  high  in  permanent  hardness,  which 
lessens  somewhat  as  gtorm  waters  raise  the  river  level. 

It  can  be  well  imagined  that  with  these  characteristics,  the 
treatment  problem  is  one  that  can  not  be  left  to  unintelligent  handling. 

The  two  successive  superintendents  of  the  plant  have  taken  very 
great  personal  interest  in  its  operation,  endeavoring  constantly  to 
not  only  secure  the  delivery  of  an  effluent  that  would  be  as  near 
perfect  as  possible,  but  to  reduce  costs  at  the  same  time. 
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Fig.  1.  CouBSE  op  Water  Thbouoh  Purification  Plant 

The  water  flows  from  the  river  into  a  reception  well  in  which 
considerable  deposition  of  suspended  matter  takes  place.  From 
this  a  low-lift  centrifugal  pump  raises  it  to  the  fiirst  of  a  series  of 
four  basins.  At  the  pimip  it  can  receive  a  fiirst  dose  of  liquid  sul- 
phate of  alumina,  which  becomes  pretty  thoroughly  mixed  in  the 
discharge  pipe  before  entering  the  first  basin  near  the  bottom  through 
a  triangular  down-chute. 

At  this  point  a  second  dose  can  be  given.  The  water  then  passes 
the  length  of  basin  1  and  through  a  low-level  submerged  opening 
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enters  basin  2.  Passing  through  this,  a  third  dose  can  be  added 
just  as  it  reaches  basin  3  through  a  second  submerged  opening, 
placed  at  a  higher  level  than  that  between  basins  1  and  2.  Flowing^ 
through  basin  3  and  into  basin  4  at  a  still  higher  elevation,  though 
still  submerged,  the  water  finds,  at  the  farther  end,  the  inlet  to  the 
filters,  where  a  fourth  dose  of  coagulant  can  be  added. 

It  was  found  in  the  early  stages  of  experimenting  that  in  a  turbid 
stage  of  the  river  the  whole  charge  of  coagulant  at  the  pump  or  at 
basin  1  alone,  was  ineffective,  for  the  globules  of  aluminum  hydrate 
became  coated  with  mud  long  before  full  service  had  been  rendered, 
consequently  practically  untreated  water  passed  to  the  filters.  If, 
however,  the  charge  was  sub-divided  and  applied  at  points  as  ob- 
servation showed  necessary,  each  reached  the  water  at  a  time  when 
additional  treatment  was  needed,  and  consequently  before  flowing 
upon  the  filters  a  large  proportion  of  the  suspended  matter  had 
been  thrown  down.  There  are  cross-wall  baffles  in  each  of  the 
basins  which  exert  some  influence  in  checking  flow  and  causing 
deposition  of  solids. 

The  relative  deposition  of  solids  in  the  different  basins  under 
different  combinations  of  treatment  indicates  very  clearly  the  value 
of  successive  and  cimiulative  attention.  Cleaning  has  not  been  as 
systematic  as  could  be  desired,  so  the  quantities  of  accumulations 
removed  could  not  well  be  compared  with  the  rates  of  flow  and 
coagulant  used,  as  it  would  be  interesting  to  learn  and  may  some 
day  be  studied.  The  gross  use  of  coagulant  in  the  sum  of  the 
separate  doses  has  nowhere  nearly  equalled  the  quantity  that 
would  have  been  needed  with  the  raw  water  treated  at  but  one 
point. 

Very  perplexing  in  the  early  operations  was  the  experience  with 
large  doses  of  coagulant.  It  seemed  as  if  the  turbidity  would  not 
yield;  apparently  no  floe  formed  and  the  filters  soon  became  choked. 
Then  suddenly,  action  would  begin  and  all  would  go  satisfactorily 
and  the  results  could  thereafter  be  secured  with  very  much  smaller 
doses. 

Temperature  and  alkalinity  changes  also  exert  a  decided  influence 
upon  tiie  pmifying  action,  though  studies  have  not  yet  been  suf- 
ficient to  standardize  the  treatment  and  reach  definite  conclusions. 

It  has  been  impossible,  for  financial  reasons,  to  employ  a  chemist 
regularly,  so  that  operations,  other  than  those  determined  by 
turbidity  and  alkalinity,  have  depended  upon  the  operator's  judg- 
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menty  which  has  been  largely  controlled  by  the  show  of  floe  in  the 
basins  or  on  the  filters  and  of  course  by  the  appearance  of  the  filtered 
effluent. 

Just  as  the  water  is  drawn  from  the  clear  well  for  delivery  by 
the  main  pumps  into  the  city  system,  it  receives  dissolved  hypo- 
chlorite,  to  the  extent  of  2  to  2^  pounds  per  day  (dry  chemical)  tat 
the  250,000  to  350,000  gallons  of  water  pumped  or  about  10  pounds 
per  million  gallons  ordinarily.  This  renders  the  water  practically 
sterile,  though  the  preceding  operations  remove  the  bacteria  to  a 
very  satisfactory  d^ree. 

Weekly  samples  have  been  sent  to  the  headquarters  of  ibe.  State 
Board  of  Health  at  Lawrence,  where  regular  anal3rses  are  made 
with  a  view  particularly  to  noting  the  presence  of  pathogenic  bacteria 
and  the  values  of  turbidity  and  alkalinity.  The  reports  received 
following  such  examination  serve  as  a  fair  guide  to  the  superintendent 
and  give  him  a  very  good  idea  as  to  his  success  in  handling  the  plant, 
confirming  his  own  observations  or  causing  him  to  use  greater  care 
if  danger  is  indicated. 

In  the  earlier  weeks  of  operation  following  construction,  the  use 
of  sulphate  of  alumina  sometimes  was  as  high  as  20  grains  per 
gallon  of  water  pumped,  but  during  1916  and  1917,  even  with 
several  periods  of  very  high  turbidity,  the  maximmn  was  but  11 
on  one  occasion  and  9  on  another;  otherwise  nothing  above  7  in 
any  of  the  flood  periods,  while  the  usual  total  rate  has  been  con- 
siderably less  than  one  grain  per  gallon. 

With  the  exception  of  a  few  single  days  when  the  turbidity  in  the 
final  effluent  reached  30  parts  per  million,  it  has  normally  been 
zero.  The  successive  improvement  of  the  water,  basin  by  basin, 
has  very  greatly  eased  the  work  of  the  filters,  and  hence  in  turn 
saves  a  large  use  of  ffltered  water  for  back  washing.  The  filters 
are  of  the  open  gravity  type,  the  washing  being  aided  by  agitation 
with  rotating  stirrers.  The  wash-water  pressure  has  been  too 
variable  for  the  best  results,  but  a  regulating  valve  is  to  be  installed 
and  perhaps  a  meter,  so  that  future  betterment  should  follow. 

Upon  the  official  tests  of  the  plant,  as  well  as  in  later  operations, 
the  bacterial  removal  by  the  basins  and  fflters  proved  very  satis- 
factory, through  as  before  mentioned,  as  a  final  safeguard  hypo- 
chlorite is  used  in  small  quantity. 

The  State  Board  of  Health  began  making  its  tests  in  July,  1915; 
out  of  102  reports  since  then  received,  85  stated  the  water  to  be  in 
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The  test  required  for  the  filtered  water  shall  be  a  reduction  of  bacterial 
content  of  at  least  98  per  cent  from  the  content  in  the  raw  water,  except  that 
when  the  total  number  of  bacteria  is  less  than  3500  per  cubic  centimeter  in 
the  raw  water,  the  filtrate  must  not  contain  in  excess  of  75  per  cubic  centimeter. 

TABLE  1 
Bacterial  reduction  in  Council  Grove  treatment  plant 


BACTBBIA  PBB 

BACTBBIA  PBB 

BACTBBIA  PBB 

CUBIC  CBNTXM  BTBB 

CUBIC  CBNIZMBTBB 

DATS  or 

DATB  or 

DATB  or 

BIPOBT 

BBPOBT 

BBPOBT 

Raw  water 

Fil- 
tiBte 

Raw  water 

trate 

Raw  water 

Fil- 
trate 

1915 

1916 

1917 

July  22 

5,000 

750 

May    8 

5,000 

25 

Mar.  19 

80 

45 

July  31 

3,000 

120 

May  12 

300 

60 

Mar.  23 

120 

50 

Aug.    5 

2,000 

50 

May  20 

1,900 

310 

Apr.     3 

40 

20 

Aug.  13 

1,200 

30 

Jime    3 

21,000 

60 

Apr.     9 

60 

15 

Aug.  19 

82,000 

22 

Jime  16 

2,000 

60 

Apr.   13 

50 

30 

Aug.  30 

4,000 

100 

June  26 

6,000 

30 

Apr.  27 

3,710 

80 

Sept.    4 

3,000 

75 

July    6 

600 

460 

May    7 

1,360 

20 

Sept.    9 

460 

130 

July  14 

500 

10 

May  18 

600 

11 

Sept.  18 

450 

15 

July  20 

1,900 

70 

May  25 

450 

18 

Sept.  27 

65,000 

16 

July  28 

300 

10 

June    7 

15,000 

65 

Oct.     6 

92,000 

42 

Aug.    3 

300 

150 

June  11 

10,000 

100 

Oct.   11 

27,000 

410 

Aug.  19 

4,000 

1,000 

June  21 

150 

50 

Oct.   15 

300 

25 

Aug.  26 

1,400 

400 

June  28 

300 

5 

Oct.   22 

70,000 

30 

Sept.   2 

1,400 

150 

July  10 

150 

25 

Nov.    2 

1,900 

26 

Sept.   9 

900 

14 

July  13 

2,500 

40 

Nov.    8 

3,100 

64 

Sept.  15 

2,000 

200 

July  18 

400 

10 

Nov.  12 

1,600 

30 

Sept.  23 

250 

15 

July  28 

600 

60 

Nov.  22 

4,500 

25 

Sept.  30 

1,600 

20 

Aug.    4 

1,500 

150 

Nov.  29 

420 

16 

Oct.     7 

90 

15 

Aug.    9 

1,900 

175 

Dec.    4 

200 

15 

Oct.   13 

150 

6 

Sept.   5 

1,800 

8 

Dec.  13 

400 

70 

Oct.  20 

200 

16 

Sept.  15 

15 

1 

Dec.  17 

1,400 

25 

Nov.    4 

900 

35 

Oct.     6 

750 

550 

1916 

Nov.  11 

500 

30 

Oct.   15 

700 

5 

Jan.    17 

3,000 

50 

Nov.  17 

2,000 

10 

Oct.   20 

200 

9 

Feb.     3 

11,000 

120 

Nov.  24 

800 

90 

Oct.   25 

1,900 

5 

Feb.   11 

40,000 

35 

Dec.  18 

630 

19 

Nov.    3 

1,000 

8 

Feb.  21 

4,100 

130 

1917 

Nov.    9 

650 

15 

Feb.  26 

1,400 

25 

Jan.    10 

3,400 

200 

Nov.  16 

900 

125 

Mar.    7 

6,300 

80 

Jan.   15 

1,400 

290 

Nov.  24 

600 

20 

Mar.  13 

250 

100 

Jan.   26 

180 

15 

Dec.    3 

1,000 

50 

Mar.  18 

900 

30 

Jan.   28 

400 

220 

Dec.    7 

500 

40 

Mar.  23 

1,000,000 

840 

Feb.   10 

80 

30 

Dec.  27 

225 

90 

Apr.   13 

500 

50 

Feb.  17 

70 

20 

1918 

Apr.   17 

2,500 

120 

Feb.  23 

150 

26 

Feb.     1 

250 

5 

Apr.  23 

850 

225 

Mar.    5 

90 

60 

Feb.   14 

450 

55 

May    1 

1,500 

800 

Mar.  12 

50 

30 

Feb.   18 

150 

15 
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"excellent/'  "very  good,"  "good"  and  "fair"  condition.  Of  the 
remaining  17,  only  two  condemned  the  water,  the  others,  though 
reporting  "poor"  rather  raised  question  as  to  details  of  treatment, 
as  the  best  results  were  not  being  secured.  The  bacterial  count  varies 
very  greatly  in  the  raw  water  and  colon  bacilli  are  usually  indicated. 
The  Board  of  Health  makes  its  tests  usually  of  the  raw  water  and 
the  finished  effluent  as  taken  from  a  service  tap  at  the  station. 
The  original  acceptance  test  of  the  filters  was  made  subject  to  its 
approval. 

The  contract  paragraph  concerning  bacterial  removal  is  repeated 
on  page  443,  so  that  it  may  be  compared  with  the  results  of  the  2} 
years  succeeding,  as  reported  by  the  chemists  of  the  Board. 

Of  the  105  bacterial  reports,  81  show  results  handsomely  within 
the  test  conditions,  and  but  few  of  the  others  indicate  any  special 
deficiency  in  action.  At  times  of  heavy  turbidity,  when  bacterial 
count  runs  specially  high,  the  operations  have  been  signally  efficient; 
this  indicates,  perhaps,  more  special  care  in  operation,  due  to  the 
difficulty  in  securing  a  clear  filtrate. 

Taken  as  a  whole,  therefore,  without  a  resident  chemist,  with 
several  changes  of  station  engineer  and  assistant,  the  breaking  in 
of  inexperienced  men  each  time,  and  during  quite  a  portion  of  1917 
with  a  superintendent  in  ill  health,  the  showing  is  quite  favorable 
to  the  working  of  the  plant. 

In  a  few  tests  which  have  been  made,  the  percentage  of  successive 
betterment  through  treatment  in  the  basins  and  the  filters  has  been 
very  interesting,  but  no  consistent  regular  record  has  been  kept, 
due  to  lack  of  sufficient  time  of  the  superintendent  or  engineer. 

The  operation  of  the  plant  as  a  whole  has  abundantly  justified  its 
design,  and  responds  effectively  to  good  care;  though  the  filter 
strainers  clog  rather  more  than  is  desired  and  may  have  to  be 
changed  in  type  before  long. 

The  diagrams  illustrating  this  paper,  other  than  figure  1,  a  plan 
showing  course  of  the  water  from  river  to  consumers,  are  made  up 
from  typical  daily  notations  of  turbidity,  alkalinity  and  grains  per 
gallon  of  sulphate  of  alumina  used  in  the  treatment. 

From  1100  observations  recorded  during  1915  to  1917  in- 
clusive, 150  have  been  selected,  regardless  of  season,  so  as  to  cover 
so  far  as  possible  several  readings  at  each  rate  throughout  the 
whole  range  of  variation. 
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The  diagram  showing  "turbidities"  compared  with  "grains  of 
almn,"  figure  2,  does  not  indicate  clearly  any  particular  law,  though 
a  suggestive  curve,  is  shown,  more  based  on  general  knowledge  of 
the  plant  than  determined  from  a  close  study  of  the  turbidities. 
This  is  not  surprising,  for  most  of  the  turbidity  is  caused  by  heavy 
suspended  matter  carried  by  the  high  velocity  in  flood  stage  and 
quite  ready  to  settle  when  brought  to  reasonable  rest. 

OccasionaUy  a  bad  colloidal  condition  obtains,  when  the  hydrate 
of  alumina  finds  hard  work  to  perform,  but  there  has  been  little 
opportunity  to  study  it  carefully  as  a  separate  problem. 

The  diagram  comparing  ^'alkalinity"  with  "grains  of  alimi," 
figure  3,  indicates  very  nicely  a  relationship  that  permits  the  selec- 
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tion  of  a  fair,  smooth  curve  to  represent  normal  working,  except 
when  some  special  river  condition  upsets  all  theories  and  gives 
several  hours  of  perplexing  activity  and  experiment. 

The  remaining  diagram,  comparing  "alkalinity"  and  "turbidity," 
figure  4,  indicates  a  chance  for  a  fairly  good  curve,  but  one  not 
specially  conclusive  in  nature,  and  possibly  to  be  changed  materially 
as  further  observations  are  made. 

The  higher  alkalinities  prevail  generally  in  the  winter  season, 
during  the  lowest  river  stages,  when  turbidities  would  natm^y  not 
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run  high,  even  with  fair-size  floods,  for  frozen  lands  do  not  yield  so 
readily  to  erosion. 

In  all  of  the  150  records  taken  for  plotting,  the  eflSuents  were 
reported  as  having  zero  turbidity. 

It  is  rather  an  interesting  commentary  on  human  nature, 
however,  that  while  the  water  company  has  furnished  safe  filtered 
water  for  twenty  years  and  brilliantly  clear,  sterilized,  filtered 
water  for  three  years,  there  are  still  many  residents  who  hold  to  the 
rain  tanks  with  roof  washings,  and  shallow  back-yard  wells.  Rates 
have  been  held  at  the  low  figures  established  30  years  ago,  based 
on  the  low  schedules  of  the  city  of  St.  Louis.  A  change,  however, 
must  shortly  be  made,  so  as  to  give  more  adequate  return  upon  the 
investment  in  use. 

It  is  often  in  the  smaller  plants  that  some  of  the  most  perplexing 
problems  arise  for  the  water  works  engineer  to  solve.  This  plant 
has  been  very  interesting  to  the  author,  for  it  has  illustrated  many 
of  the  diflBculties  of  operating  a  water  treatment  S3rstem  and  well 
repaid  his  occasional  trips  to  examine  its  workings,  suggest  improve- 
ments, and  generally  consult  face  to  face  with  the  operating  officials, 
during  20  odd  years  of  advisory  service. 
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RECORDS  OF  INSTALLATION  AND  MAINTENANCE  OF 
WATER  MAINS  AND  APPURTENANCES  OF  THE  MU- 
NICIPAL DISTRIBUTION  SYSTEM  OF  THE  CITY  OF 
NEW  YORKi 

By  William  Hauck 

The  following  is  a  brief  description  of  the  procedure  followed 
and  records  made,  in  connection  with  the  installation  and  main- 
tenance of  water  mains  and  appurtenances  of  the  municipal  water 
supply  system  of  the  city  of  New  York.  This  work  is  under  the 
Bureau  of  Water  Supply  of  the  Department  of  Water  Supply,  Gas 
and  Electricity. 

Requests  for  mains  are  noted  on  forms  provided  for  that  purpose 
and  generally  spoken  of  as  project  sheets.  The  outlines  of  the 
locations  witii  the  existing  and  proposed  mains,  etc.,  are  shown  in 
sketches  at  the  top  of  these  sheets  and  all  the  data  as  to  requirements 
and  conditions  are  filled  in,  using  spaces  provided  for  the  purpose. 
Special  local  information  is  noted  under  "remarks."  These  sheets 
take  a  prescribed  course  and  are  eventually  combined  and  included 
in  a  contract  or  filed  for  future  reference,  depending  upon  whetlier 
they  are  approved  or  disapproved.  Complete  record  is  kept  of 
these  sheets  in  books  provided  for  that  purpose. 
.  When  necessity  requires  it,  an  order  is  issued  to  the  Division  of 
Investigation  and  Design  to  prepare  a  contract  for  laying  mains, 
etc.,  in  certain  locations.  The  plans  which  were  prepared  in  ac- 
cordance with  the  project  sheets  are  then  combined  and  a  title  page 
added.  The  bids  for  the  work  are  received  on  the  percentage  basis, 
i.e.,  the  contractor  is  required  to  bid  a  percentage  of  the  unit  prices 
fixed  by  the  engineer  for  each  item.  The  bids  are  noted  for  general 
information  on  tracings  known  as  "bid  sheets,"  giving  the  names 
of  the  bidders,  together  with  the  unit  prices  estimated  and  bid. 
When  the  stipulated  preliminaries  are  fulfilled  the  borough  engineer 
is  directed  to  see  that  the  contract  is  executed.  In  the  case  of  a 
furnishing,  delivering  and  laying  contract,  three  copies  of  a  requisi- 

*Re«id  before  the  St.  Louis  Convention,  May  16,  1918. 
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tion  covering  the  material  required  are  prepared;  one  is  sent  to  the 
<5ontractor  and  ihe  oilier  two  to  the  inspection  division,  which  in 
turn,  issues  orders  to  its  foundry  inspectors  to  inspect  the  cast 
ings  during  and  after  manufacture.  Reports  of  these  inspections, 
in  duplicate,  giving  the  numbers  and  weights  of  castings  (R  being 
used  to  indicate  rejections)  are  forwarded  regularly,  one  copy  being 
filed  in  the  inspection  division  and  one  with  the  engineer  in  charge 
of  the  contract. 

Progress  on  the  contracts  is  noted  on  the  print  or  prints  kept  for 
that  purpose,  the  pipe,  etc.,  laid  being  indicated  by  marking  with 
red  crayon.  A  plan  or  plans  is  sent  to  the  foreman  in  whose  district 
the  work  is  to  be  done,  and  he  is  at  the  same  time  informed  as  to  the 
•engineer  in  charge  of  the  work  and  from  whom  he  is  to  take  orders 
AS  to  shut-offs,  etc. 

Inspectors  assigned  to  the  field  work  keep  field  books,  noting 
therein  daily  all  work  done,  force  employed  and  sketches  showing 
details  of  connections.  All  numbers  and  weights  of  castings  re- 
<5eived  or  borrowed  from  or  sent  to  the  department  yards  are  noted 
in  these  books  and  later  transcribed  on  daily  report  forms  provided 
for  this  purpose  and  delivered  to  the  borough  headquarters. 

The  engineers  in  charge  of  field  work  keep  records  of  pipe  laid, 
•drawn  to  scale  on  cross-sectioned  cards,  5  by  8  inches,  one  card  for 
pipe,  castings,  etc.,  and  a  corresponding  card  for  trench  excavations, 
showing  the  location  of  the  pipe  in  relation  to  the  curb,  the  cover 
on  the  pipe,  class  of  excavation,  pavement  and  any  other  details 
that  are  essential  in  connection  with  properly  preparing  the  esti- 
mate for  payment  for  work  done. 

A  monthly  report  of  the  work  done  is  prepared  showing  the  prog- 
ress, which  is  also  graphically  shown  by  plotting  a  curve,  a  re- 
quired-progress curve  having  been  previously  established  in  ac- 
cordance with  the  time  allowed  for  the  completion  of  the  contract 
and  estimated  cost,  etc. 

All  castings  are  numbered  and  weighed  at  the  foimdry  and  these 
weights  and  numbers  are  used  for  identification  of  these  materials 
imtil  they  are  placed  in  the  work  or  delivered  at  one  of  the  desig- 
nated department  yards.  Loose  leaf  sheets,  13  by  16  inches,  are 
used  for  keeping  records  of  cast  iron  material  and,  also,  for  working 
out  from  the  field  sheets  the  remaining  items  of  the  contract.  The 
ruling  is  the  only  difference  in  these  sheets.  The  casting  sheets  are 
ruled  vertically  and  horizontally  and  rubber  stamps  are  used  to 
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designate  various  materials.    The  remaining  items  are  figured  on- 
sheets  ruled  horizontally  only,  no  rubber  stamps  being  used. 

Approximate  estimates  of  work  done  are  prepared  from  time  to 
time,  but  not  of tener  than  once  a  month,  and  are  forwarded  on  sheets- 
especially  prepared  for  the  purpose. 

Notes  on  pipe,  etc.,  installed  are  copied  by  the  draftsmen  on  a. 
map,  on  a  scale  of  1  inch  to  300  feet  (known  as  the  wall  map),  on 
27  by  40-inch  tracing  maps  having  an  approximate  scale  of  1  inch 
to  100  feet  and  in  turn  copied  on  field  and  headquarters  maps  of 
emergency  engineers,  on  maps  of  the  Water  Waste  Investigation  f orce^ 
the  maps  used  by  all  foremen,  and  also  on  the  maps  which  are  carried 
on  each  repair  vehicle. 

When  all  of  the  work  on  a  contract  has  been  completed,  accurate- 
drawings,  on  a  scale  of  1  inch  to  40  feet,  are  prepared  as  a  permanent, 
record. 

The  city  is  divided  into  repair  districts,  the  size  of  the  district 
depending  on  the  maintenance  involved.  The  clerk  in  each  head-^ 
quarters  sends  daily  to  the  borough  main  oflSce  a  copy  of  his  blotter. 
Every  individual  piece  of  work  done  by  the  repair  company  force 
is  designated  by  a  job  nimiber.  Weekly  he  sends  ^  report  of  work 
done  that  affects  the  maps.  This  is  checked  with  his  daily  reports, 
and  maps  and  records  corrected  accordingly.  In  addition  to  the 
blotter  the  clerk  keeps  a  book,  known  as  the  complaint  record,  in 
which  complaints  are  recorded,  the  final  disposition  being  noted. 

The  records  of  taps  inserted  and  also  plugs  used  to  replace  taps  are 
kept  on  3 J  by  6-inch  cards;  all  details  as  to  the  location  with  reference 
to  curb  and  house  lines,  size  of  the  mains,  depth  of  cover  on  the  main, 
plmnber's  name,  tapper's  name,  etc.,  are  noted.  The  same  cards 
are  used  to  record  the  house  service  inspections. 

A  staff  of  draftsmen  and  clerks  is  continually  employed  in  keeping 
up  to  date  the  numerous  maps  and  various  oflSce  records.  The 
district  companies  are  visited  regularly  by  a  junior  draftsman  in 
order  to  keep  the  maps  up  to  date  within  a  week.  The  ofiSce  maps, 
are  kept  up  to  date  daily. 
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THE  PROPERTY  OF  CERTAIN  WATERS  WITH  REFER- 
ENCE  TO  THEIR  ACTION  ON  METALS^ 

By  S.  W.  Parr 

The  waters  of  this  region  have  certain  peculiarities  which  show 
themselves  more  especially  in  steam  generation  and  steam  heating 
appliances.  For  this  reason  their  properties  and  behavior  have  been 
largely  overlooked.  These  waters  are  classified  as  alkaline,  mean- 
ing thereby  that  they  have  present  free  sodium  carbonate  or  more 
than  enough  sodium  to  imite  with  the  sulphate,  chloride,  and  ni- 
trate radicals  or  ions.  There  is  left,  therefore,  only  carbon  dioxide, 
CO2,  to  unite  with  the  remaining  sodimn  and  also  all  of  the  calcium, 
magnesium  and  iron.  Such  waters  have  only  temporary  hardness, 
there  being  no  sulphates  of  calciimi  or  magnesium. 

Now  it  so  happens  that  the  Champaign-Urbana  water  supply  was 
the  first  water  of  this  type  to  come  into  use  or,  indeed,  to  the  notice 
of  water  chemists,  who  were  at  first  rather  reluctant  to  report  free 
sodium  carbonate  in  conjunction  with  carbon,  magnesimn  and  iron, 
as  being  an  incompatible  combination.  However,  it  is  seen  at  once 
that  aU  of  the  carbonates  are  in  the  bicarbonate  form  and  while 
readily  soluble  in  the  cold  are  readily  decomposable  on  the  applica- 
tion of  heat.  This  water  supply  for  the  two  cities  was  brought  into 
use  about  1884.  It  comes  from  the  drift  at  about  165  feet  below  the 
surface.  Since  the  first  development  of  this  type  of  water  in  1884 
the  local  area  has  been  greatly  extended.  As  a  result  of  a  study, 
about  1900  to  1905,  of  the  water  suppUes  of  the  Illinois  Central,  the 
Chicago  &  Alton  and  the  Big  Four  Railroads  between  Peoria  and 
Indianapolis  an  area  producing  such  waters  could  be  roughly  indi- 
cated by  drawing  a  line  from  a  point  somewhere  between  Paxton  and 
Oilman  on  the  Illinois  Central  Railroad,  proceeding  westward  to 
include  Normal,  thence  southward  through  the  center  of  Blooming- 
ton  somewhere  between  the  Chicago  &  Alton  junction  and  the  pump- 
ing station  of  the  Big  Four  Railroad  near  Center  Street,  thence 
south  and  east  to  include  Bement,  Tolono,  Philo,  Veedersburg,  Ind., 

1  Read  before  the  Illinois  Section,  April  17,  1918. 
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and  thence'  westward  again  to  include  Hoopeston  and  Paxton,  the 
starting  point.  In  addition  to  this  area  the  Illinois  State  Water 
Survey  has  found  waters  of  this  type  very  widely  distributed  and 
far  more  commonly  in  use  than  when  the  suppUes  came  from  shal- 
low wells.  Bulletin  4  of  the  Illinois  State  Water  Survey  gives  the 
distribution  of  such  waters  throughout  the  state. 

In  order  to  understand  some  of  the  unusual  or  unsuspected  prop- 
erties of  these  waters  it  will  be  well  to  note  some  of  the  reactions 
involved  when  these  waters  are  in  use  in  steam  generators.  The 
first  stage  in  the  decomposition  of  the  bicarbonate  by  heat  would  of 
course  be  the  simple  reaction: 

2(NaHC0,)  =  Na^CO,  +  CO2  +  H,0. 

However,  a  study  of  the  actual  conditions  in  the  boiler  showed  that 
the  reaction  did  not  stop  here,  but  a  partial  hydrolization  of  the 
sodium  carbonate  occurred,  thus: 

Na^CO,  +  H,0  =NaHCO,  +  NaOH. 

It  will  thus  be  seen  that  the  residual  water  within  the  boiler  becomes 
an  active  reagent  for  the  precipitation  of  fresh  incoming  bicarbon- 
ates,  thus  indicating  why  such  waters  are  self-purging  and  develop 
no  scale  whatever  within  the  boilers.  In  this  discussion,  however, 
the  author  wishes  to  call  attention  to  another  reaction  which  accounts 
for  the  liberation  of  anmionia  as  a  gas  along  with  the  steam:  thus: 

NaOH  +  NH4CI  =  NaCl  +  NH,  +  H,0 

Now  a  word  as  to  the  extent  to  which  ammonia  may  be  delivered 
imder  the  conditions  such  as  are  found  in  the  local  water  supply. 
If  we  take,  for  example,  the  local  power  station  of  the  Illinois  Trac- 
tion System,  which  uses  approximately  100,000  gallons  of  water 
per  day,  then  on  the  basis  of  0.1  pound  of  anmionia  as  NH3  per 
1000  gallons  of  water,  the  output  would  be  10  pounds  per  day  or  in 
the  form  of  ammonium  carbonate,  50  poimds  daily.  Of  course, 
upon  cooling,  a  combination  of  the  ammonia  and  the  carbon  dioxide 
occurs  forming  the  ammonimn  carbonate  salt.  Evidence  of  this  is 
occasionally  shown  in  the  complete  stoppage  of  risers  in  dwellings 
where  the  steam  has  been  shut  off  for  some  time.  This  phenomenon 
has  already  been  reported  to  this  Association  and  is  illustrated  by 
photograph  in  the  Proceedings  of  the  Association  for  1911,  page  61. 
This  brings  us  directly  to  an  explanation  for  a  serious  corrosive 
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action  which  occurs  in  the  heating  system  of  the  University, 
especially  in  connection  with  the  brass  parts  of  the  steam  traps  to 
the  radiators.  The  nmnber  of  these  parts  thus  affected  would  have 
to  be  expressed  by  3  figures,  but  no  very  exact  data  are  at  hand 
showing  the  approximate  number. 

In  making  a  study  of  the  conditions  that  accompany  these  fail- 
ures, it  was  found  that  in  those  buildings  where  the  return  water 
was  most  strongly  impregnated  with  ammonia,  the  corrosive  action 
was  greatest.  These  variations  in  the  content  of  ammoniated  con- 
densate that  accumulates  in  certain  buildings  to  a  greater  extent 
than  in  others  is  a  peculiarity  that  is  found  to  exist  also  with  the 
variation  in  content  of  carbon  dioxide  gas  that  accumulates  in  the 
radiators. 

So  far  no  explanation  for  these  variations  has  been  foimd,  other 
than  that  due  to  their  place  on  the  line  or  the  method  of  taking  off 
the  steam  supply  from  the  mains.  These  features  however  are  not 
essential  to  the  main  fact  that  the  condensation  water  becomes  suf- 
ficiently impregnated  with  ammonia  to  become  a  strongly  corroding 
reagent  for  brass. 
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ADDITIONS  TO  MEMBERSHIP 

Active 

Sylvester  Quayle  Cannon,  Manager  Water  Works,  Salt  Lake 
City,  Utah. 

Cornelius  M.  Crowley,  Registrar  Water  Department,  St.  Paul, 
Minneapolis. 

Homer  V.  Enouse,  Metropolitan  Water  District,  Omaha,  Ne- 
braska. 

Edgar  A.  Rossiter,  Civil  Engineer,  Chicago,  Illinois. 

William  M.  Willetts,  Murphysboro  Water  Works,  Electric  and 
Gas  Company,  Aurora,  Illinois. 

Corporate 
Board  of  Water  Commissioners,  Glens  FaUs,  N.  Y. 

DEATHS 

John  H.  Decker,  elected  member  July  18,  1907;  died  October  10, 
1918. 

Holly,  Ira  A.,  elected  member  March  29,  1881;  Honorary  Mem- 
ber; died  September  19,  1918. 

William  F.  Woodbum,  elected  member  June  24,  1903;  died 
September  16,  1918. 

ROLL  OP  HONOR 

Anders,  F.  L.,  Captain,  Construction  Division,  U.  S.  A.,  Camp 
Dodge,  Iowa. 

Bair,  Maurice  Z.,  Captain,  Construction  Division,  U.  S.  A.,  Wash- 
ington, D.  C. 

Bernhagen,  Lewis  O.,  First  Lieutenant,  Sanitary  Corps,  U.  S.  A., 
Fort  Oglethorpe,  Ga. 

Childs,  J.  A.,  Captain,  Sanitary  Corps,  U.  S.  A.,  Fort  Oglethorpe, 
Georgia. 
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Ohiplet,  Dudley,   Captain,  Quartermaster  Corps,  U.  S.  A.,  in 

charge  Utilities,  Camp  Hancock,  Georgia. 
'Cook,  Horace  J.,  Captain,  Quartermaster  Corps,  U.  S.  A.,  Camp 

Cody,  New  Mexico. 
Dallyn,  F.  a..  Captain,  Canadian  Expeditionary  Forces,  Siberia. 
Everett,  Chester  M.,  Captain,  Sanitary  Corps,  U.  S.  A.,  Fort 

Oglethorpe,  Georgia. 
EviNGER,  M.  I.,  Captain,  Quartermaster  Corps,  in  charge  Utilities, 

Camp  Dodge,  Iowa. 
•Gregory,  John  H.,  Captain,  Sanitary  Corps. 
HoAD,  William  C,  Lieutenant  Colonel,  Sanitary  Corps,  U.S.A., 

Washington,  D.  C. 
Hoopes,  Edgar  M.,  Jr.,  Captain  Quartermaster  Corps,  U.  S.  A., 

Camp  Meade,  Maryland. 
-Jennings,    C.    A.,    Captain,    Quartermaster   Corps,   Washington, 

D.  C. 
Johnson,  Edgar  W.,  5th  Pioneer  Infantry,  A.  E.  F.,  France. 
-Kelly,  Earl  W.,  Engineer,  American  Expeditionary  Force. 
Levy,  A.  G.,  Captain,  Quartermaster  Corps,  U.  S.  A.,  Camp  Mc- 

Arthur,  Texas. 
Race,    Joseph,    Captain   Canadian   Army,    Hydrological   Corps, 

Russia. 
Stover,  Frederick  H.,  First  Lieutenant,  Company  B,  26th  Engi- 
neers, A.  E.  F. 
Trow,  Linden  C,  Quartermaster  Corps,  Utilities  Division,  Camp 

Grant,  Illinois. 

JUNIOR  ROLL  OP  HONOR 

Heermans,  Donald  (son  H.  C),  25th  Battery,  Field  Artillery 
Corps,  O.  T.  S.,  Camp  Taylor,  Kentucky. 

Heermans,  Jerome  T.  (son  H.  C),  Lieutenant  25th  Field  Artillery, 
Camp  McClellan,  Anniston,  Alabama. 

Heermans,  Joseph  F.  (son  H.  C),  36th  Prov.  Squad.,  Joyce,  Wyo- 
ming. 

Henderson,  Ernest  M.  (son  C.  R.),  Second  Lieutenant,  Infantry, 
St.  Louis,  Mo. 

Williams,  Allen  H.  (son  H.  L.),  6th  U.  S.  Coast  Guard,  Battery 
Barge  OfBce,  New  York. 
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BACTO- PEPTONE 


THE  ORIGINAL  STANDARDIZED  PEPTONE 
FOR  BACTERIOLOGY 

X^Jvlix  AK-llL/    frpni  basic  materials  carefully  selected  and  assayed, 

PROC ESSE xJ    under  scientific  methods  of  factory  control. 

ST  AN  i-)  AR  LJ  iZ  E  LJ  ^  precise  chemical  and  bacteriological  tests. 

ADJUSTED    to  give  a  definite  H-ion  concentration  in  solution. 

INDOL    REACTION     assured    by  a  constant  tryptophane 
factor,  and  gauged  to  a  positive  indication  in  twenty-four  hours. 

NITROCjEN    content  never  less  than  15.2%,  in  the  form  of  molecules 
ideally  adapted  for  bacterial  nutrition. 

ANTITOXIN    made  from  Bacto-Peptone  by  purveyors  to  the  U.  S. 
Military  establishment  and  to  foreign  Governments. 

Al  ENTIONED    favorably  in  current  scientific  literature  by  disinter- 
ested authorities. 

IN    USE    all  over  the  worid. 

Bacto-Peptone  stands  on  its  own  merits   and  com- 
pletely substantiates  all  claims  made  for  it. 

DIGESTIVE  FERMENTS  CO.,  S,1S^°I1 
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THELCO  INCUBATORS 

for  all  kinds  of 

Bacteriological 

work 

BEST  moderate  priced,  auto- 
matically controlled,  elec- 
tricall  V  heatedincubators. 
Recommenoed  for  the  require- 
ments of  physicians  as  well  as 
for  regular  laboratory  work. 

Thelco  Bacteriological  Incu- 
bators are  built  of  well  seasoned 
heavy  oak^  finished  inside  and 
outside  with  white  paint  en- 
amel which  can.  be  kept  clean 
by  wiping  with  a  moistened 
cloth.  This  finish  imparts  to 
the incubatorsa handsome  and 
clean  appearance.  An  inner 
door  of  glass  is  provided  to  al- 
low inspectioin  of  the  chamber 
without  opening  the  door.  No 
water  jacket  is  used  or  required. 

An  exclusive  feature  is  the 
removable  wire  resistance  heat- 
ing plate.  This  method  of  heating  is  distinctly  superior  to  lamps  in  that  it 
evenly  distributes  the  heat  throughout  the  chamber;  furthermore,  it  will  not 
burn  out  to  cause  spoiling  of  cultures,  annoyance  and  inconvenience,  that 
is  so  apt  to  happen  when  lamps  are  employed  as  a  heating  medium. 

The  Thelco  bi-metallio  Thermostat  employed  will  maintain  the  tempera- 
ture constant,  to  within  a  degree  without  any  attention  after  adjustment  is 
once  made. 

The  Operation  is  very  simple.  To  ^lace  the  incubator  in  uae,  it  is  only 
necessary  to  screw  the  attachment  plug  mto  an  electric  light  socket  and  turn 
on  the  current;  then  adjust  the  regulator  until  the  thermometer  reaches  the 
temperature  desired,  which  will  remain  constant  ^o  within  a  degree.  The  in- 
cubator can  be  operated  on  direct  or  alternating  current. 

When  ordering  please  stale  voltage  of  current 


No. 

Dimensions  of  Chamber 

Equipment 

Price,  Net 

2 
4 
5 
6* 

7* 

InehM 
12x12x12 
18x18x26 
18x18x26 
28x36x18 
28x36x18 

Without  Stand 
Without  Stand 
With  Stand 
Without  Stand 
Withstand 

S  38.50 

^.50 

75.50 

110.00 

128.00 

*Ineubatora  Noe.  6  and  7  are  made  with  double  divided  doors. 
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Third  Avenue,  18th  to  19th  Streets,  New  York 
Branch  Office:  2011  Jenkins  Arcade,  Pittsburg,  Pa. 
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